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PROTEIN FEEDING AND HIGH BLOOD 
PRESSURE * 


SOLOMON STROUSE, M.D. 
AND 
SARAH R. KELMAN, M.D 


CHICAGO 


This study was undertaken for the purpose of acquiring more 
experimental data than can be found in the literature on the subject 
of the relation of protein intake to high blood pressure. As far as 
can be judged from a study of the subject, opinions are, in the main, 
based on empirical clinical impressions or on personal opinion without 
evidence of any sort. How widely these opinions vary may be illus- 
trated by reference to the articles of Hamman* and Mosenthal? from 
the same clinic in 1917. As a matter of fact, Mosenthal*® in 1920 
commented on the absence of actual experimental data and was one 
of the first to attempt an experimental study on human beings. 

No discussion of any phase of the hypertension problem can be 
complete without a review of the more recent studies of hypertension 
in relation to the diseases most often associated with it,—myocarditis, 
arteriosclerosis and nephritis. Whereas up to ten or fifteen years ago 
hypertension was considered a symptom of arteriosclerosis or chronic 
nephritis, evidence is steadily accumulating to prove the existence of 
primary or so-called essential hypertension, which, in its earlier stages 
at least, is entirely free from demonstrable lesions of the cardiovascular 
renal systems. (Christian,* Pratt,? Vaquez,® O’Hare,’ Harpuder.*) 
The hyperpiesis of Clifford Allbutt,® the hypertension of the menopause 


*From the Medical Clinic and the Nelson Morris Memorial Institute 
Medical Research of the Michael Reese Hospital 
1. Hamman, L.: M. Clinics N. America 1:155 (July) 1917 
2. Mosenthal, H. O.: M. Clinics N. America 1:101 (July) 1917. 
3. Mosenthal, H. O.: Am. J. M. Sc. 160:808 (Dec.) 1920; also M. Clinics 
. America 5:1139 (Jan.) 1922. 
. Christian, H.: Oxford Medicine 3:751 
. Pratt, J. H.: J. A. M. A. 78:331 (Aug. 2) 1919. 
Vaquez, H.: Bull. de l’Acad. de méd. 81:283 (March 11) 1919. 
. O'Hare, J. P.: Am. J. M. Sc. 159:369 (March) 1920. 
. Harpuder, K.: Deutsch. Arch. f. klin. Med. 129:74 (April) 1919 
. Allbutt, C.: Diseases of the Arteries, Including Angina Pectoris, London, 


Z 
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may be cited as instances. Although the words essential hypertension 
may be poorly chosen, they give a significance to the condition in dis- 
tinguishing it from the hypertension with nephritis and in centering 
attention on hypertension as the earliest demonstrable symptom. 

That patients with essential hypertension may later in life develop 
cardiorenal complications affords no justification for the conclusion 
that the primary cause of the high blood pressure lies in the organ or 
organs which secondarily show evidence of disease. Study of histories 
of patients and careful continuous clinical observation will reveal many 
patients with hypertension of fairly high grade and yet with no evidence 
of myocardial degeneration, arterial change or disturbance in kidney 
function. Moschcowitz '* has brought forward evidence—experimental 
and clinical—suggesting, if not actually proving, that even in cases 
of frank nephritis hypertension may be the earliest demonstrable 
symptom. 

Furthermore, attention may be directed to the fact that, in certain 
conditions leading to hypertension with nephritis, the high blood pres- 
sure precedes the nephritis. The menopause hypertension which has 
heen so carefully studied by Hopkins * and by Riesman ™ belongs to 
this group. Observation on older diabetics who later develop severe 
nephritis justifies the statement that hypertension precedes nephritis— 
although it may not always precede arterial changes. In _ hyper- 
thyroidism of certain types it is not uncommon to find hypertension 
without nephritis. In the toxemias of pregnancy which later develop 


into the “kidney of pregnancy,” we have observed that hypertension 


precedes demonstrable renal disturbance (Ives **). There is also plenty 


of evidence that arteriosclerosis without increased blood pressure occurs 
as a clinical and pathologic entity. 

The newer studies on renal function are supposed to uncover the 
earliest manifestations of renal insufficiency, and such studies as have 
been made on patients with hypertension show that the presence of 
albumin and casts may not indicate true renal disease (Rappleye,"* 
O’Hare,'® Lankhout**). In another field of observation, the study 


10. Meschcowitz, | Hypertension with Minimal Renal Lesions, J. A 
M. A. 77:1075 (Oct. 1) 1921; Am. J. M. Se. 159:517 (April) 1920; Clinical 
and Anatomic Relations in Chronic Nephritis, Arch. Int. Med. 26:259 (Sept.) 
1920 

11. Hopkins, A. H.: Am. J. M. Sc. 157:826 (June) 1919 

12. Riesman, David: Hypertension in Women, J. A. M. A. 73:330 (Aug. 2) 
1919 

13. Ives, R. F.: Am. J. M. Sc. 160:61 (July) 1920 

14. Rappleye, W. C.: Boston M. & S. J. 179:441 (Oct. 3) 1918 

15. O’Hare, J. P.: Boston M. & S. J. 182:345 (April 1) 1920 

16. Lankhout: Nederl. Tijdschr. v. Geneesk. 1:1439 (April 24) 1920: abstr.. 
J. A. M. A. 75:440 (Sept. 7) 1920 
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LNG LOD 


of nitrogen retention in the blood, further evidence may be found of 
a lack of correlation between blood pressure findings and kidney 
function ( Williams **). 

The effect of any form of therapy on blood pressure should 
be studied on the basis of the statements just made. The changes in 
blood pressure found in any given case must be correlated and evalu- 
ated in relation to the presence or absence of other signs of disease. 
It is futile to compare the effect of protein on the blood pressure of a 
patient showing advanced renal disease and albuminuric retinitis with 
the same degree of hypertension in a woman showing merely 
menopausal hypertension. 

We have been skeptical about the dangers of protein in hyper- 
tension even in patients with definite cardiovascular or renal complica- 
tions. Without concrete experimental proof it seemed that although 











Chart 1.—During a nineteen-day period of protein intake 125 gm., includ- 
ing soup and coffee daily (S+C of chart), there is a drop in pressure 
During the first six days, there is an initial drop to 140/85; after which the 
pressure remains stationary. Perhaps it would be more accurate to say that, 
in this case, the high protein diet, with soup and coffee, di 


pressure. A final six-day period of protein intake of 50 gm. shows a slight 
further drop. 
The charts are drawn to the same scale The vertical numbers indicat 


the blood pressure in millimeters of mercury, protein intake in grams, nonprotein 


centimeters. TT] 
horizontal figures show the number of days in each period The thin blacl 


nitrogen and urea nitrogen in milligrams per hundred cubi 


rresent the amount 


tical lines block off each period; the heavy vertical lines rey 


protein intake for the period, corresponding with the numbers on the left. The 
vertical rectangles represent blood nonprotein nitrogen and ea nitrog i 
milligrams per hundred cubic centimeters. Systolic and diastolic pr re 
are shown by the solid horizontal lines. The broken lines are drawn hetwe 


points representing the average pressure for each period 


17. Williams, J. L.: The Total Nonprotein Nitrogen Constituents of tl 
Blood in Arterial Hypertension, Arch. Int. Med. 27:748 (Tune) 1921 
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changes did follow protein restriction such changes were more readily 
explained by other changes in the patients’ mode of living. In many 
instances results followed correction of habits uncovered by what 
Cobb ** calls “personality study”—an effort to get at the fundamental 
psychic as well as physical background of the patient (Christian ‘*). 
The effect of emotion on blood pressure is much more easily demon- 
strated than the effect of protein food. We were unable to convince 
ourselves that patients were harmed by protein. Excess of any kind 
of food seemed decidedly more injurious than a moderate amount of 
protein in a well balanced diet. Flatulence and digestive disturbances 
often resulted from substitution of carbohydrate and fat, and these 








é 
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Chart 2.—Marked daily variations are shown, but there is little change in 
the pressure in the two periods of 85 gm. and 40 gm., respectively. 


disturbances together with weight increase we believed more harmful 
than protein. Our clinical observations were not in accord with the 
opinions expressed among others by Hamman,’ Meara,’* Bishop,” 
Musser ** and Snow,** but were in agreement with the clinical observa- 
tions and experiments of Moschocowitz*® and Mosenthal.* From an 
experimental standpoint it is interesting to note that although New- 
burgh *° was able to show that large amounts of meat damaged the kid- 
ney he states that no blood pressure changes occurred in his experiments. 


18. Cobb, S.: M. Clinics N. America 3:1137 (Jan.) 1920. 
19. Meara, F. S.: M. Clinics N. America 2:1 (July) 1918. 
20. Bishop, L. F.: J. A. M. A. 73:332 (Aug. 2) 1919. 

21. Musser, J.: New York M. J. 112:570 (Oct. 16) 1920. 
22. Snow, W. B.: New York M. J. 105:5 (Jan. 6) 1917 
23. Newburgh, L. H.: The Production of Bright’s Disease by Feeding High 

Protein Diets, Arch. Int. Med. 24:359 (Oct.) 1919. 
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EXPERIMENTAL DATA 


In order to add further data to the scant amount found in the 
literature, we attempted to attack the problem by a series of intensively 
studied experiments on a small number of patients. The method of 
procedure was as follows: Patients with hypertension and with vary- 
ing degrees of damage to the cardiovascular or renal systems were 
placed in the hospital. They were not kept at complete bed rest but 
were allowed to walk around the ward and corridor. Successive 
periods of observation lasting approximately from seven to thirty 
days were instituted, the diet measured and controlled for each period 


Ze \ 








Chart 3.—Definite slight drop in pressure on admission is shown, and a 
level of 245 for six days of protein intake, 40 gm.; a marked drop when 
protein was raised to 75 gm. and salt (10 gm.) added; and a subsequent 
steady rise when protein was limited to 35 gm. for twenty-five days 


Blood pressure readings were taken twice daily—between 8 and 9 a. m. 
and between 5 and 6 p. m. The same mercury sphygmomanometer 
was used for all readings. The patient was always in the same position 
and the same arm was used. If changes in interns’ schedule meant a 
change in observer, personal sources of error were controlled by joint 
readings during the transition period. 

Clinica! observation of the condition of the patient with special 
reference to his heart, blood vessels and kidneys were supplemented 


by studies of blood chemistry and kidney function which were done as 
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far as possible to correspond with the dietary periods. Routine work 
on the blood included nonprotein nitrogen, urea nitrogen, uric acid, 
sugar and cholesterol on admission, with repeated observations on 
nonprotein nitrogen,’ urea nitrogen and sugar. The Mosenthal renal 
test meal was done at the beginning of the period of observation. The 
phenolsulphonephthalein excretion was studied usually at two different 
The urine studies included amount passed in twenty-four hours, 
gravity, presence of albumin and casts, total nitrogen, urea 
sodium chlorid, titrable acidity, and relation of monosodium 


times. 
specific 
nitrogen, 
phosphates to disodium phosphates.** With later cases special atten- 











i 


Chart 4.—Blood pressure during a preliminary three-day period of admin- 
1 75 gm. protein dropped from 175/85 to 138/75. During a second 
five days, with protein intake at 125 gm., the pressure continued 
\ period of eighteen days with protein at 150 gm., and soup and 
offee, follows. At first the pressure rises slightly, but it drops again toward 


riod, making an average the same as for the preceding period 
a continuation 


y 


istration « 


the end of the pe 
\ final period of six days with protein intake at 50 gm. shows 
of the drop noted at the end of third period, the average being 122 as com- 
pared with 136 for the third period. It is to be noted that despite the wide 
range of systolic pressure, the diastolic remains practically constant. 
24. The methods used were as follows: Blood: Nonprotein Nitrogen; Urea 
Nitrogen and Uric Acid, Folin, O., and Wu, H.: J. Biol. Chem. 38:81, 1919 
Sugar: Folin, O., and Wu, H.: J. Biol. Chem. 41:367, 1920. Cholesterol 
Bloor, W. R.: J. Biol. Chem. 23:317, 1915 
Urine.—Mosenthal: Mosenthal, H. O.: Renal Function as Measured by the 
Elimination of Fluids, Salt and Nitrogen and the Specific Gravity of the Urine, 
Arch. Int. Med. 16:733 (Dec.) 1915. Total nitrogen: Folin, O., and Denis, 
W.: J. Biol. Chem. 26:473, 1916. Urea nitrogen: Folin, O., and Denis, W.: 
J. Biol. Chem. 26:501, 1916. Chlorid: Harvey, S. C.: The Quantitative Deter- 
mination of the Chlorids in the Urine, Arch. Int. Med. 6:12 (July) 1910 
NaH,PO, 
Acidity: Folin, O.: Am. J. Physiol. 13:45, 1905 — Leathes, J. B.: 
Na:HPO, 
Brit. M. J. 2:165, 1919 
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tion was paid to the search for red blood cells (Newburgh **). (It 
may be stated here that in none of our cases was protein increase 
followed by the appearance of red blood cells in the urine.) By this 
procedure we hoped to classify our cases with regard to kidney damage 
and also to follow any possible effect of dietary changes on the kidneys 
and blood. 

The results are shown in the form of a graphic chart for each patient 


studied. In order to simplify the charts urinary data are not included, 


but important facts in relation to kidney function are given in the 
protocols to the charts. One daily blood pressure is charted—the 


average of the two readings. Variations in systolic blood pressure 











Chart 5.—A steady drop in both systolic and diastolic blood pressures is 
shown, with no apparent relationship to protein intake. The daily variation 
are in some spots as high as the difference between the maximum and minimum 
period averages. The high figures for blood nonprotein nitrogen and urea 
are in this instance only slightly influenced by the protein intake. The eight- 
day salt-free period with protein at 50 gm. is followed by a drop in pressure; 
but a still further drop is noted in a succeeding eight-day period with protein 
at 85 gm. and no limitation of salt 


between morning and evening on the same patient were at times as 
great as 60 mm. mercury and were usually not constant. On one day 
the morning pressure was higher than the evening pressure; on the 
next day the reverse was true. Marked and rapid changes seemed 
to be associated with emotional disturbances. A good night’s rest 
would be followed by reduced pressure ; a nocturnal disturbance in the 
ward would be indicated by high readings the following morning. 
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REPORT OF CASES 


Case 1—A. K. (No. 30208), male, aged 54. Well up to two months ago 
when he had pains all over his body, especially in the lower extremities, 
dyspnea on exertion. 

Physical Examination.—Arteries soft, heart normal in size, no irregularities, 
no murmurs, coarse scattered rales. Urine at no time showed albumin or 
casts. Specific gravity, 1020-1024. Mosenthal test showed no nocturia, no 
fixation. Phenolsulphonephthalein excretion 60 per cent. in two hours. Uric 
acid of blood, 1.6 mg., sugar 0.13 per cent.; urinary nitrogen and sodium 
chlorid excretion normal. 

Diagnosis—Chronic bronchitis and hypertension. 

Case 2—Mrs. S. P. (No. 31231), aged 41. Five years ago, following a 
pelvic operation, she had edema of the feet, albumin and casts. She was in 
this hospital where a diagnosis of chronic nephritis and hypertension was 
made. From 1916 to 1921 she was in comparatively good health, but very 
nervous, suffering from headache, palpitation, disturbances of vision. She 














Chart 6.—A pronounced drop in systolic pressure from 210 to 132 is shown, 
with no marked change in diastolic pressure, during a period of seven days, 
with protein intake at 100 gm. Previous to this period, the intake was at 
the minimum. This marked change could be associated with a synchronous 
change in the patient’s nervous condition, and with such an interpretation the 
change in systolic blood pressure would represent a vasomotor phenomenon. 


came to the admitting room of the hospital with these symptoms and with a 
blood pressure of 190/120. The urine was negative and she was admitted to 
the hospital as a case of “essential hypertension.” 

Physical Examination.—Entirely negative, except for tenderness along the 
olonic region. At no time during her hospital stay was albumin or casts 
found. Mosenthal test meal showed specific gravity fixed at 1020-1022; no 
nocturia. Phenolsulphonephthalein excretion, 65 per cent. in two hours. 
Excretion of urinary nitrogen, urea, and of sodium chlorid was normal in 
relation to intake. The blood chemistry as shown in the chart was normal. 


( 


Diagnosis.—Hypertension and colitis. 
Case 3.—Mrs. I. D. (No. 18182), aged 47. Sick about three years with 
pains all over,” palpitation, dyspnea, headaches 
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Physical Examination.—Hypertrophied heart; large liver. Urine showed 

a trace of albumin, occasional hyaline and granular casts, specific gravity usually) 

around 1027. This patient was studied before the present investigation was 
begun, and her chart is shown for comparison. 


Protein 
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Diagnosis.—Hypertension, chronic myocarditis, chronic nephritis 

Case 4.—Mrs. I. N. (No. 30201), aged 42. Sick about ten years, but does 
not give a history of value. She complains of indefinite symptoms, and it is 
difficult to uncover the relation between the glycosuria and the other conditions 
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Physical Examination.—Hypertrophied heart; slightly thickened peripheral 
blood vessels; slight edema of ankles. Urine showed occasional trace of 
albumin, no casts; specific gravity varied between 1022 and 1026. Sugar in small 
amounts was present (0.09 per cent.) only on very high carbohydrate feeding. 
Mosenthal test meal; night urine 450 c.c., day 500. Phenolsulphonephthalein 
excretion, 67 per cent. in two hours. Excretion of urinary nitrogen, urea, 
ind sodium chlorid was normal in relation to intake. Blood sugar varied 
from 0.13 to 0.17 per cent.; nonprotein nitrogen, urea nitrogen of blood above 





ormal 

nag Hypertension, nephritis, myocarditis, diabetes mellitus (?). 

Case 5.—Mrs. W. (No. 28783), aged 52. Sick four years; pain in chest, 
feet, | ough 

Physical Examination.—Peripheral blood vessels firm. Heart normal 
Urine showed usually trace of albumin and occasional granular cast. Phenol- 
sulphonephthalein excretion in two hours, 43 per cent. Mosenthal test meal 
fixation of specific gravity but no nocturia. Excretion of nitrogen and urea 
always low. Sodium chlorid excretion normal. Blood nitrogen products high 
(Chart 5 








, ry r ; ri ry ; 4 x 2 $0 32 ad 3 Oa 
a ZDA ¥ DAYS 
Chart 8.—An initial two-day period of protein intake, 75 gm., is associated 


op in pressure from 200 to 125, after which, the average is between 
132 and 140, while the daily variations are marked. Protein intake varied 
between 35 and 75 gm., and a rough relation is seen between the protein and 
blood pressure changes. Owing to the fact that the patient was diabetic, we 
did not care to change the protein intake too much. Unlike the other charts, 


this chart shows a steady rise in diastolic pressure 


Diagn Hypertension; chronic nephritis. 

Case 6.—Miss E. G. (No. 28556), aged 53. Complains of attacks of severe 
ibdominal pain, constipation, anorexia, nervousness. For three days she has 
been practically starving on account of the fear of abdominal pain 

Physical Examination.—Very nervous, tachycardia, increased reflexes, gall 
bladder tenderness. Her pressure when first seen was 210. Heart and blood 
essels were normal. (After a careful examination on admission, she was 
urged to eat freely of a mixed diet containing 100 gm. protein.) Urine on 


admission showed a trace of albumin, which disappeared at once. Excretion 
of nitrogen and urea not abnormal. Other kidney function tests not made 


Diaqnosis.—Hypertension, menopause, cholelithiasis 


























Te 
Chart 9.—This patient, who suffered from a progressive nephritis and hy 
tension, was placed successively on three periods of protein feeding, 50, 75 
125 gm., respectively. The pressure here shows a slight but definite tend 


to rise with increased protein intake 











ag 


Chart 10.—A drop in protein intake from 100 to 50 g1 which was suth 


to reduce the nonprotein nitrogen and urea of the 


associated with a rise in blood pressure 








ee 
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CASE 7 irs. E. K. (No. 29330), aged 57. Duration ten years, pains in 
shoulder, headache, dyspnea on exertion and precordial pains. Onset of 


Physical Examination—Enlarged heart, extrasystoles, no hardening of 
peripheral arteries. Urine at no time showed albumin or casts. Sugar appeared 
when carbohydrate in 


hlorid was normal. Phenolsulphonephthalein excretion, 49 per cent. in two 


take was excessive. Excretion of nitrogen and of sodium 
hours. Mosenthal test meal showed night urine 950, day urine 520, with 
ecific gravity varying from 1.012 to 1.022. Urine this day showed sugar 
Blood sugar varied from 0.168 to 0.25 per cent 
ia Hypertension, myocarditis, diabetes mellitus 

8.—Mr I. F. (No. 31038), aged 47. Diabetes ten years’ curation. 


recently 


mcoveres 

















4 4 ) 2 ? © =] 

Chart 11 Che findings in Case 11 were similar to those obtained in Case 10 
Chart 10 should be compared for detail 

Physica ramination.—Rales and some dulness upper lobe of both lungs. 
Uri it 1 time contained albumin or casts. Glvycosuria with carbohydrate 
ntake in exce of tolerance. Mosenthal test meal normal. Blood sugar on 
ssion, 0.40 per cent. Nitrogen normal 

Hypertension, diabetes mellitus, pulmonary tdberculosis ( 

Casi Miss R. K. (No. 27697), aged 18. In hospital five months ago 
vith parenchymatous nephritis of nine months’ duration. Much edema and 
allor. Large amount of albumin, hyaline and granular casts. Blood pressure, 
from 150 to 170. Between the two hospital admissions she was under dispen- 
iry observation and given increased protein Diet not measured in this 
period his was apparently followed lessened albuminuria and edema. 
Blood presstire slowly but steadily rising 

Examination.—On retu to spital, examination showed typical 
urance of a pale edematous Urine always contained albumin, 
aline and granular casts Phen ephthalein excretion 48 per cent. in 
wo hours Mosenthal test meal showed night urine of 690; specific gravity 
irvine between 1.016 and 1.024. Nitrogen excretion normal: salt retained 
Hypertension; subacute nephritis 
° 
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Case 10.—S. G. (No. 29942), aged 33. A typical case of advanced nephritis 
with organs showing marked degenerative changes. 

Diagnosis ——Advanced chronic nephritis with hypertension, retinitis, etc. 

Case 11.—S. H. (No. 29956), aged 42. This case was identical with Case 10 
and showed the same results from feeding 


CONCLUSIONS 


The study here reported, supplemented by other ambulant cases, 
justifies the following conclusions : 

1. In patients with hypertension and with slight or no impairment 
of renal function marked variations in blood pressure occur. Such 
variations bear no relation to the intake of protein food. 

2. In such cases no damage to renal function and no increase in 
nonprotein nitrogen or urea nitrogen of the blood was found to follow 
protein feeding up to 150 gm. daily. 

3. In three such cases strong stock soup and coffee given daily 
did not increase blood pressure. 

4. In cases of frank progressive nephritis with hypertension, a 
diminution of protein intake sufficient markedly to lower the figures 
for blood nonprotein nitrogen and urea did not cause lowering of the 
blood pressure. 

5. The experiments here reported add further evidence to that 
already accumulated to prove the existence of a clinical entity char- 
acterized by a primary hypertension. They further suggest that 
variations in blood pressure in this condition are the direct result of 
vasomotor disturbances. 





— 





RELATION BETWEEN HEMOGLOBIN, CELL COUNT 
\ND CELL VOLUME IN THE VENOUS BLOOD 
OF NORMAL HUMAN SUBJECTS* 


C. GRAM, M.D., ann A. NORGAARD, M.D 


In spite of extensive work on these subjects, it cannot be said that 
the relation between hemoglobin, cell count and cell volume in normal 
blood has ever been clearly stated. The reason for this must be sought, 
first, in that most authors in examining normal blood limited their 
research to one or two of these factors; secondly, in that there exists a 
considerable confusion in the expression of hemoglobin. Even when 
100 per cent. hemoglobin is defined as the color corresponding to an 
oxygen capacity of 18.5 per cent., the question is not solved. Recently 
Van Slyke and Stadie' have drawn attention to the fact that the 
Haldane method for determining the oxygen capacity of the blood may 
give results which are markedly too low (as low as 10 per cent). Thus 
we get the explanation of the phenomenon that Haldane? and his col- 
laborators have found 18.5 per cent. oxygen capacity to be the average 
in the blood of healthy men, while this figure in later researches has 
proved to be nearer an average between normal men and women. A too 
low hemocolorimeter standard called 18.5 per cent. oxygen is the 
explanation of the results obtained by Haldane * and by one of us 
(Gram ‘*) which would make the normal color index nearer 0.9 than 1, 


and the ratio “eo Pe 2.14 


leone Gur aun 

lhese hemoglobin ‘values do not tally with those obtained by most 

other observers, as, for instance, Bie and Mgller.* Recently one of us ? 
published a critical survey of these matters. 

\s already mentioned, we have in former papers dealt with the 

glot r 


mts ———— and found that this was fairly constant in most 
ur pe cont a 


diseases 


*From the University medical clinic of Prof. Knud Faber 

1. Van Slyke, D. D., and Stadie, W. C.: J. Biol. Chem. 49:1, 1921. 

2. Haldane, J. S J. Physiol. 26:497, 1900. 

3. Haldane, J. S., and Smith, L.: J. Physiol. 25:331, 1899. 

4. Gram, H. ( Ugeskr. f. Leger 82:1543, 1920 

5. Norgaard, A., and Gram, H. C.: Compt. rend. soc. biol. $4:151, 1921; 
Dansk selskab f. int. med., 1920, p. 65 

6. Bie, V., and Mgller, P.: Ugeskr. f. Leger 74:749, 817, 878, 1913. 


7. Gram, H. C.: Ugeskr. f. Leger 84:215, 1922 
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If this is true, one may approximately calculate one these value 
when the other is known. One may also use determinations of cell 
volume to check the hemoglobinometer standard. The same would be 
the case, if the ratio "e™moste> P mi. e., the color index, was fairly 


constant 1n normal subjects 
One might then standardize a hemoglobinometer, for instance, to 


100 per cent. hemoglobin 5 millions of normal cells per cubic milli 


meter. It stands to reason that one would have to make very exact cel 
ounts repeatedly on the blood of several normal subjects 

On account of the extreme clinical importance of these relations we 
have considered it expedient to take up the question with the most 
exact methods at our disposal. 

In order to minimize the error in our methods, we have used only 
venous blood secured by puncturing a cubital vein and stabilified with 
hirudin, 

As no manufactured product was available, this hirudin was made 
by drying and powdering leeches’ heads, extracting with water an 
precipitating with alcohol. The dried product was very effective, part 
of a milligram being sufficient to prevent coagulation for days in more 
than 10 c.c. of blood. The salt content of the hirudin was infinitesimally 
small, so that the blood corpuscles were not subjected to osmotic 
shrinkage. Thus, the use of admixture of isotonic citrate or oxalate 
solutions was avoided. 

The blood was obtained from ten normal males and ten normal 


females. The male subjects were physicians, medical students and 


hospital porters ; the female subjects were nurses and hospital servants 
All subjects were physically sound and fit for their work 

The blood was taken into a small conical vessel closed by a rubber 
cork. After mixing it thoroughly with the dry hirudin, about ten 
glass beads were added in order to shake up the agglutinated and 


sedimented corpuscles before drawing off each specimen for analysis 


METHODS 

The methods used were the following 

1. Hemoglobin \n Autenrieth and Kgnigsberger hemoglobinometer 
with a good color wedge was used. Four dilutions in the proportion 
20 + 1980 were made in all cases with the same pipet, using tenth 
normal hydrochloric acid. Ten readings were taken on each dilution 
after exactly ten minutes. 

The average scale value for each patient was noted. For this 


hemoglobinometer we procured a curve of corrections 














sumably reliable oxygen determination, so that we could express the 
scale values in terms of hemoglobin per, cent., 100 per cent. being defined 
as equaling an oxygen capacity of 18.5 per cent. (first vertical column 
of Table 1). 

On account of the uncertainty of oxygen determinations, we resolved 
to use still another standard based on the assumption made in calculating 
the color index, i. e., 100 per cent. hemoglobin corresponds to 5 million 
normal corpuscles per cubic millimeter. 

\t the end of our work we found that the average scale value in all 
twenty cases was 30.0055 Autenrieth, and the average cell count 5.0541, 


that is, according to the above assumption, 101.082 per cent. hemoglobin 


TABLE 1.—Data on Ten Normat MAtes 










Ratio 
Hemoglobin, Hb. per Cent 
per Cent Color Index Vol. per Cent 
Z St x oh ~ 
; cx s- g5& ie 
25s S2e es oZe of 
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vd i) — Pe o. BI 
w 5 & os Oo OS Oo 
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a. cm Cell Count a2 & a o 
Age ~% asd Volume, Millions 32 ©. = —- 
Years = per ¢ t. per C.M = 1 = = 
42 118.00 117.26 48.75 000 1.00 2.4 ?.41 
? 116.50 116.10 PLA! 5.911 0.99 4 Me 4 
0 15.8 115.37 47.7 ot 1.01 4 2.6 
6 110.8 110.42 16.50 5. OM 1.01 > a7 
5.00 107.40 16.69 ft Om 30 
B50 07.96 46.80 “« 1.00 l 
0 1065.4 14.88 47.08 “y 0.99 4 2 
‘ 108.96 42.88 l€ Lo 44 4 
‘ { 104.29 44.56 0.99 4 4 
6.38 62 42.38 4.854 0.99 9.27 
Average 108.84 108.32 46.34 454 00 0.99 1.00 2.35 34 
Maxi! : 118.00 117.26 50.00 911 1.02 1.01 1.08 2.44 4 
Minit 16.38 95.62 42.38 4.854 0.99 0.98 0.96 a 2.23 


Since the scale value 102.08 represented 0 corpuscles and 0 per cent. 
hemoglobin, the hemoglobin per cent. could be calculated in each single 
case. These hemoglobin percentages will give an idea of the individual 
variations in the relation of the coloring power to the cell count. On 
being compared with the results won by the standardization to oxygen 
capacity, these hemoglobin percentages will give an idea as to whether 
the assumption made in calculating the index is fairly correct or not. 


} 


2. Cell Count—On each specimen four different dilutions and 


€ 
counts were made with Hayem-J¢@rgensen’s liquid and Ellermann’s 
separate pipets for blood and diluting fluid (10 and 1990 c.mm.). The 
pipets had previously been carefully calibrated with mercury, and the 


same pipets were used throughout our experiments. The Biirker-Tiirk 
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‘ounting cell was used, twenty large squares being counted from each 
of the four dilutions \ subtraction of the white cell count was 
not made. 

3. Cell Volume.—tThe cell volume percentage was determined with 


special hematocrit constructed after our desig 


ns by Jacob, Copen- 
hagen. The frame carried four branches, into which the capillary tubes 
were fitted with a screw, the ends being closed by hard rubber plates 
The length of the capillary tubes was 10 cm. divided into 200 gradations 
allowing readings of one fourth of a volume per cent. The tubes were 


irefully cleaned and dried, then filled with avoidance of air bubbles and 


TABLE 2.—Data on Tex Normat F 








Ratio 
Hemoglobin, Hb. per Cent 
per Cent Color Index Vol per Ce 
=~ gn ek ~ =k 
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Average 94.45 93.8 40.53 4.654 O15 1.01 0 
Maximum 102.25 101.68 43.00 9.054 1.05 1.04 ‘ 4 46 
M ! 28 00 87.49 S82 4.360 0.98 0.9 y j 
P - . 1 1 + 
fitted into the frame, which was rotated at high speed » 3,000 revolu 


tions a minute). The centrifuging was continued till the corpuscular 
column became transparent throughout its length. This lasted generally 
between 1 hour and 11% hours. All four tubes gave similar results, and 


no subtraction of the white cell volume was made, as the borderline 


gainst the red cells was not always clearly defined 


The values found in our tables are averages of the four determina- 
tions of each sort made on every single specimen. In a few of the 
early cases, however, only two volume determinations were carried out. 


In preparing our material for tabulation we have placed the men and 
women apart, giving for each group the average, maximum and mini- 


f 
mum of both groups lumped together. 
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As to the indices and quotients put forward in these tables, we must 
call attention to the fact that the average index is the relation between 
the respective average values found, while the maximum and minimum 
are those found in the table and do not correspond to the maximum 
and minimum of hemoglobin, cell count and volume. 

Che values to be found in the tables, besides the age of the subjects, 
are, from left to right, the following: 

1. Hemoglobin percentage calculated from scale values* on the 
assumption 100 per cent. hemoglobin 18.5 per cent. oxygen. 

2. Hemoglobin percentage calculated from scale values on the 


assumption 100 per cent. hemoglobin = 5 millions of normal corpuscles 








(101.082 per cent. = 5.0541 millions [Table 3]). 
TABLE 3.—SumMary oF Data on TeN Mates AND TEN FEMALES 
Ratio 
Hemoglobin Hb. per Cent 
per Cent Color Index Vol. per Cent 
4 6 
z = Z = “2 = 
= F - E r 2ti 
¢ = an 7 el oo 
Pe Cll gf & > ome 
al Cell Count a 4 & a 
-= Volume, Millions = 2 e —~ = = ae 
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Average 101.64 101.08 43.43 O4 1.00 2.34 3 
Maximur 118.00 117.26 50.00 911 1.05 47 4 
Minin 88.00 87.49 88.81 1.300 0.98 4 4 
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3. Cell volume per cent. 

+. Cell count in millions per cubic millimeter of blood. 

5. Colorimetric index calculated from the first named hemoglobin 
percentage by the formula: | i. % | Er. being the cell count in 
millions per c.mm 

6. Colorimetric index calculated from the second hemoglobin per- 
centage * according to the same formula. 

7. Volumetric index (volume index). This index gives an idea of 
the variations of the normal relation between cell volume and cell count 
According to Table 3 this relation is: 42.96 volume per cent. = 5 
millions normal corpuscles per cubic millimeter (1. e., 43.43 volume 
per cent 5.0541 millions). 


8. The Autenrieth scale values being individual to the apparatus used, we 
have not considered it practical to publish them. 




















Formerly one of us calculated t index from the ftormula 


Volume | — ; Gram”), but in this case we use the 
ore exact formula Volume | ; ~ Er. being tl 
ell count in millions pet cubic millimeter 


8. The ratio hemoglobin per cent. Volume per cent ilculated 
from the first hemoglobin percentag: 

9. The ratio hemoglobin per cent Volume per cet alculated 
from the second hemoglobin percentage.* 
+1} 


Of course, this quotient might be expressed also as an index (I. 


olorivolumetricus ), which would vary between 1.06 and 0.95. but for 


practical purposes the ratio has been chosen 


1. In these tables are found, first, the normal boundaries '' of hem 
globin percentage, cell volume and cell count in normal male and female 


ubjects. The volume determinations, on the whole, agree very well 


vith those obtained by other author Bie and Meller ® and Gram 

\s to the cell counts, it is generally admitted tl old values, 5 
millions for men and 4.5 millions for women, are incorrect, even thoug!] 
they are repeated with great regularity in physiologic and even clinical 


textbooks. The hemoglobin determinations agree astonishingly with 
those found by Bie and Meller,® but they are consid rably ! ighet than 
the values published previously by Haldane,? Haldane and Smith * and 
(;ram.* This applies bot to averages and to normal figure the d g- 
ence being nearly 10 per cent. As already stated, these variations may 
safely be asserted not to be real but due to incorrect standardization of 
he hemoglobinometers used by the last named aut] 


» 


2. A comparison between the hemoglobin percentage calculated to 
100 per cent. 18.5 per cent. oxygen and 100 per cent 5 millions 
normal corpuscles shows that the difference is very slight, being on the 
verage only 0.56 per cent he moglobin. 

he ordinary assumption made in calculating the color index is 


nearly true, when our hemoglobinometers are standar 


9 Gram, H. ¢ Compt. rend. So le biol. 49:264, 1921 


] 7 

dex: Vol. I Er « 20 

11. Naturally, a larger series might show cases slightly exceeding ese 
xtremes 
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cent. hemoglobin = 18.5 per cent. oxygen capacity in an irreproach- 
able way. 

If 100 per cent. hemoglobin is defined as equaling 5 millions normal 
corpuscles per c.mm. the color index should be 1. The actual variations 
found in this very exact series of determinations ranges between 1.04 
and 0.97 


unavoidable errors of the two methods involved. If only single determi- 


which is probably not more than may be expected from the 


nations on each person are made, the error may easily be larger, so that 
in ordinary clinical work an index between 0.9 and 1.1 could not be 
called anything but normal. 

3. A consideration of the volume index shows that in normal persons 
the cell volume varies nearly proportionally with the hemoglobin and 
cell count, that is, that the size and hemoglobin content of the red 


corpuscles is nearly constant. The range of variation of the volume 


index, however, is slightly larger than that of the color index, being 
1.06 and 0.96. This may partly be due to a greater inaccuracy of the 
volume determinations, partly to the varying amounts of white cells 
having different individual volumes. 

4. The ratio Hb. %: Vol. “% averages 2.33 when 100 per cent. 
hemoglobin means 5 millions normal cells (or nearly 18.5 per cent. 
oxygen). In normal persons, however, a range of variations between 
2.46 and 2.22 is found; this may partly find its explanation in the 
experimental error on the two determinations. The importance of this 
fairly constant ratio lies in the possibility of estimating the cell volume, 
when the hemoglobin is known; this may play a role in analysis of total 
blood and plasma won from blood stabilized with isotonic salt solu- 
tions. Caution is necessary in cases of jaundice, leukemia and chlorosis 
while the ratio determined agrees very well in cases of pernicious 


5. The use of a good hematocrit may be advocated for studying and 
checking variations of cell count and hemoglobin content in normal 
subjects and of hemoglobin content in most pathologic cases. The cell 
volume determinations have the advantage of being less subjected to 


subjective errors than the other methods. 




















TOXIC MANIFESTATIONS FOLLOWING THE ALKALINE 
TREATMENT OF PEPTIC ULCER* 


LEO L. HARDT, M.D., ann ANDREW B. RIVERS, M.D 


OCHES k MINN. 


Sippy ' has attributed the chronicity of ulcer to the corrosive action 
)f gastric juice, and on this basis administered small amounts of alkali 
to the patient hourly, over a long period (from three to four weeks in 
the hospital and several weeks afterward). By a combination of 
powders—calcium carbonate, magnesium oxid, sodium bicarbonate and 
bismuth subcarbonate—in varying proportions, he was able completely 
to neutralize the gastric juice, and thereby to promote healing of the 
ulcer. He says, “It may be helpful to know that in rare instances it 


1 


? 


as required the equivalent of 30 grains (2 gm.) each of calcium 
carbonate and sodium bicarbonate, every hour, midway between feed- 
ings and every half hour after the last feeding until 9 p. m. to control 
the free acidity.” He does not, however, discuss a certain group of 
cases in which it is difficult and almost impossible to control the acidity 

It has been our experience in this particular group, with one excep 
tion, that when an attempt is made to control the acidity, symptoms of 
toxemia usually appear.* Physicians who have used the alkaline treat 
ment in a large group of cases have undoubtedly noted that some 
patients develop a distaste for milk, that they have headaches and 
sometimes vomit. But thus far, no one seems to have studied the 
etiology and symtomatology of the condition from the standpoint of 
blood chemistry. 

MacCallum * was able to produce gastric tetany with associated 
toxic manifestations in dogs by mechanical pyloric obstruction. With 
the constant withdrawal of hydrochloric acid, the decrease in the chlorid 
yf the plasma and the consequent increase in the alkali reserve became 
extreme The electrical excitability of the nerve was _ heightened, 
twitchings were spontaneous, and usually the condition terminated 
fatally with convulsions. The lives of the animals could be prolonged 


administering sodium chlorid 


*From the Section on Medicine of the Mayo Cli 
1. Sippy, B. W.: Gastric and Duodenal Ulcer; Medical Cure By an Effi 
Removal of Gastric Juice Corrosion, J. A. M. A, 64:1625 (May 15) 1915 


2. Hardt, L. L Medical Management of Pept Uleer, Ann. Med 
In press). 
3. MacCallum, W. G.; Lintz, J.: Vermilye, H. N.; Leggett, T. H.. and Boa 
E The Effect of Pyloric Obstruction in Relation to Gastric Tetany, Bull 
Johns Hopkins Hosp. 34:1, 1920 
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From the patients with peptic ulcer who were observed in the 
Mayo Clinic from April 1, 1921, to April 1, 1922, forty-eight were 
elected for study. The diagnosis had been confirmed by roentgeno- 
grams in all. The forty-eight patients were classified in three groups; 
(;roup 1 consisted of sixteen patients who were treated for one week 
by hourly feedings of milk without alkali. They were then treated 
according to the usual Sippy method. This experiment was made for 


the purpose of determining whether or not the milk alone was a factor 


+ 


in causing the complicating symptoms. Group 2 consisted of sixteen 

patients who were placed directly on the Sippy treatment and remained 

normal throughout the course. Group 3 consisted of sixteen patients 
ho showed toxic symptoms while under the Sippy treatment. 


In virtually all cases a twelve-hour specimen of urine (night) was 


examined microscopically for blood, pus and casts and chemically for 


albumin and sugar. The specific gravity was estimated and the renal 
function was tested by phenolsulphonephthalein return. Blood urea 
reatinin and the carbon dioxid combining power of the plasma were 
lso determined. These tests were repeated on the day before additional 
food or alkalis were given and again during the last week of treat 
ment If symptoms of toxemia developed, the laboratory data were 
igain obtained. The patients in Group 3 had blood urea of 50 mg. or 
more for each 100 ¢.c. Creatinin determinations were not made unless 
the blood urea was 70 mg. or more. In one case the blood chlorids 


vere also determined during the period of toxemia 


RESULTS 


Che chemistry of the blood or urine was not affected in the “milk 


control” patients in Group 1. Similar results were obtained in Group 2. 


The sixteen patients of Group 3 exhibited definite symptoms of 
toxicity. The incidence of this syndrome was found to be greater in 
men than in women. It is not probable that age plays a part in 
determining the liability of a patient to the development of adventitious 
symptoms while under treatment. The ages of the patients range from 
24 to 66 years, the average being about 35 years. 

lhe symptoms of intoxication are apt to arise at any time during the 
course of the treatment, within four or five days after the powders 
are given, not until the third or fourth week, or following the use of 
two or three additional 5 grain calcium carbonate powders. Patients 
whose gastric acidity persistently remains uncontrolled may show symp- 
toms early. Occasionally, they have headache and slight nausea and, 


while further symptoms may follow, often the complaint disappears and 


the remainder of the course is without disturbing incidents 

















The Clinical Evidence of Toxicit, [The mode of onset and the 


subsequent symptoms are almost invariably the same in all patients of 


Group 3. Before the patients developed the more serious symptoms, 
they seemed unduly introspective and nervous. They were irritable 
ind complained about trifles which they had overlooked previously 
Che first symptom to appear was a distaste for milk. When patients 
vell established in their treatment began to complain that the milk was 
our or distasteful, or that it left a bad taste in the mouth, other 
complications were expected to follow shortly Milk is supplied to 


patients in 18 ounce bottles. Often patients complained that the second 


glass taken from the bottle seemed sour. Milk from these bottles wa 


ii 


often tasted by a physician or attendant and found to be sweet and 
juite palatable. This symptom may be present three or four days 
before others develop. In some instances headaches come on alme 
simultaneously with the dislike for milk, and at this stage it is usually 
lifficult to persuade the patients to take their powders. They 
owever, not as distasteful to them as the milk. 

Headache, an early symptom, is at first a dull feeling described 


ensation of tightness in the nape 


yt the neck or the occipital region 


he pain may become very severe, extending to the temporal area. At 
other times the headaches, dull, boring, throbbing, and intensified by 
each heart beat, originate in the frontal or temporal region. The 
eadache persists through the entire syndrome, becoming more severt 


he subsequent complaints arise. It is usually the last symptom t 
disappear. 

With the increasing dislike for milk, nausea becomes pronounced 
nd the patient vomits on making efforts to take food or even water. 
[he vomiting may become alarming and is checked with difficulty 
usually only after repeated gastric lavage. 

Dizziness is a common symptom, even in the milder cases. Patient 
first complain of -vertigo and a light headedness when attempting t 
walk or move. If symptoms are marked, even turning the head from 
the pillow brings on marked vertigo and usually nausea and vomiting 

\ching pains in the muscles and joints was a common symptom; the 
distribution of the pain was indefinite and simulated that preceding 
influenza. Weakness, at first slight, became marked and, if measures 

relief were not prompt, absolute prostration followed rapidly 
Respirations became slow, the pulse slightly accelerated, the face 
flushed, and perspiration profuse. The patients lay in bed limp, 
pathetic, and very drowsy, and were roused with difficulty. When 
the symptoms reached the point of nausea and vomiting (with few 
exceptions), the alkalis were stopped and the patient was put on two 


hour feedings consisting of milk, cereals, eggs, fruit juices, and meat 


broth. Within from twenty-four to forty-eight hours the symptoms 
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almost invariably disappeared. In six instances it was necessary to 
continue this treatment with small doses of alkali one hour before and 
one hour after meals, because toxic symptoms recurred following 
attempts to place the patients on the Sippy regimen with alkalis every 
hour. 

Laboratory Evidence of Toxicity—During toxic manifestations the 
blood urea increased from 50 to 296 mg. for each 100 c.c.; the creatinin 
from 2 to 5 mg. The carbon dioxid in the normal patients varied 
from 55 to 70 volumes per cent.; in those exhibiting toxic symptoms 
it varied from 65 to 117. 

Albumin 1 was in the urine of six patients on the date of examina- 
tion; pus 2 was found in two specimens. In the second week, albumin 
2 was found in six specimens and albumin 1 in five. Four specimens 
contained casts; eight, pus 1, and one, blood. In the third week, five 
specimens contained albumin 1; six, albumin 2, and one, albumin 3. 
[wo contained casts and three erythrocytes; four contained pus 1. 
Albumin and casts were found at some time during the course of treat- 
ment in all of the sixteen patients of Group 3. 

This is in striking contrast with findings in Group 1 (sixteen milk 
control patients) ; one had albumin 1 in the urine and two had albumin 
2 at the first examination. At the end of the first week, two had 
albumin 1 and three had albumin 2 and, at the end of the third week, 
two had albumin 1 and three had albumin 2. At the first examination, 
one had casts and eight had occasional pus cells; one week later, one 
had casts and two had occasional pus cells; in the third week, one had 


1! 


casts and two had occasional pus cells. The blood was normal 
(Figs. 1 and 2). 

Of the sixteen patients of Group 2, six had albumin 1 in the urine 
and five pus 1 at the first examination. In the second week, three had 
Ubumin 1, four, albumin 2, and two, occasional pus cells. In the third 
week two had albumin 1, three, albumin 2, and two, occasional pus 
cells. Casts were not found during the course of treatment. 

The gastric acidity was not controlled in any of the cases of 
Group 3; as a rule, it was high. The average total acidity during the 
period of toxemia was 78 and the free hydrochloric acid was 48. The 
blood pressure remained normal in all except two cases in which it rose 
from 125 to 150 and from 140 to 160 systolic. 

Case 1 is typical of three cases of Group 3. The toxic manifesta- 
tions, laboratory data, and pathologic findings in this case led us to the 
supposition that the alkaline treatment may precipitate definite toxic 
symptoms in patients with renal disease. This was further substantiated 
by the behavior of two other patients of Group 3; the urine of one 


(Case 2) appeared normal at examination; after a short period of 


treatment, the patient showed toxic manifestations, the blood urea rose 
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to 296 mg. for each 100 c.c., the creatinin to 5, and casts and albumin 
appeared in the urine. The alkaline therapy had to be abandoned 
finally and a posterior gastro-enterostomy was performed for the relief 
of the gastric symptoms. The patient was last heard from in April, 
1921, and is apparently quite well. In the other case, renal function 
was very low; the right kidney was apparently not functioning because 
of tuberculosis and there was definite pyelitis in the left kidney. The 
patient was considered a poor risk for surgery and, since he could not 
tolerate the usual amount of alkali, he was placed on a soft diet includ- 
ing vegetable purées and cooked fruits, with a small amount of alkali 


According to the last report, he had no gastric symptoms. 
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Fig. 1.—Alkaline reserve and blood urea in toxic and nontoxi as Lig 
lines, average of sixteen patients who showed toxic symptoms, and heavy li: 


average of sixteen patients who did not show toxic symptom 


In these three cases at least, we are undoubtedly dealing witl 
marked pathologic condition of the kidneys. In all three cases, the 
gastric acidity remained persistently high. The average free hydro 
chloric acid was 62, the average total acids, 102. The point is empha 
sized that alakaline therapy directed toward the complete neutralization 
of gastric acidity is not only out of the question, but also harmiul 

Cases 3, 4, 5 and 6 are typical of thirteen cases of Group 3, 
which there was no clinical or laboratory evidence of nephritis or 
nephrosis at the onset of treatment. Symptoms of varying degrees 


of toxemia associated with renal involvement became manifest within 














a few days to a few weeks after treatment was instituted. One can 
hardly be justified in assuming that these patients had definite nephritis 
e onset, but rather that renal disease with toxic manifestations 
was the result of the alkaline therapy. These patients daily received 
70 grains of sodium bicarbonate, 56 grains of heavy calcined mag- 
nesium, and 105 grains each of calcium carbonate and bismuth sub- 

rbonate. Because of the persistently high acidity, from 70 to 210 
grains of calcium carbonate was given daily in hourly dosages of from 

to 15 grains. We have not definitely determined which one of the 
salts or metals is responsible for the toxemia. Bismuth subcarbonate 


was not administered to two patients who developed symptoms of 





toxemia. All alkalis were temporarily withheld from a third patient 
_ First week Second week Third week 
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Fig. 2—Albumin, pus, and casts in the urine in toxic and nontoxic cases. 
Light lines, average of sixteen patients who showed toxic symptoms, and heavy 
| } 


ines, average of sixteen patients who did not show toxic symptoms. 
who became toxic while taking the usual combination of powders, but 
because of the resulting epigastric pain, three times the usual amount 
of sodium bicarbonate was given, without the recurrence of toxic 
symptoms. Recent unpublished experiments in the clinic indicate that 
the calcium ion is not the offender. From these facts we are more 
inclined to regard the nonmetallic ions as being the cause of the 
toxicity, and perhaps to some extent the combination of heavy metals 
rather than any specific one. The diet is not the cause, as none of the 
patients on the diet alone showed toxic symptoms. 

The fact that in these cases the acids are persistently high brings 
up the question of variation in absorption or perhaps depletion of blood 


chlorid. It is highly conceivable that a condition simulating that pro- 
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duced mechanically by MacCallum is being produced by chemical 
means. These patients and patients with gastric tetany have similar 
blood findings with the exception that in the latter there is a depletion 


of chlorids in the blood. In the one instance in which a determination 


of the blood chlorid was made during a period of toxemia it was normal 
[t is not improbable that these cases are potentially gastric tetany; 
however, laboratory data as yet do not justify such a conclusion 

The problem of whether or not true alkalosis is produced by the 


e solved. The hydrogen 101 


large amounts of alkalis given is yet to | 


concentration was not determined in this study, although on the basis 


of the high carbon dioxid combining power of the plasma and the 
administration of large quantities of alkalis we feel justified in apply 


ing the term alkalosis to the condition in this group of cases 


CONCLUSIONS 


1. Patients with duodenal ulcer treated by the Sippy method may 
develop definite symptoms of toxemia associated with renal changes, 
increased blood urea, and normal or increased carbon dioxid combining 
power of the plasma. The gastric acidity during the period of toxemia 
is usually normal or there is hyperacidity. 

2. Patients with duodenal ulcer and renal complications are more 
inclined to develop these toxic manifestations and to a much greater 
degree 


REPORT OF CASES 





Case 1 (A348815).—Mr. J. D., aged 66 years, was examined in the Cl 
Feb. 8, 1921. The patient complained of indigestion of fifteen years’ durati 

Previous History—He had had rheumatism and diphtheria. Attacks of gas 
on the stomach for from two to three hours after meals, relieved by soda or 
vomiting, had occurred every month or two. For the last five vears the attacks 
had been more severe and prolonged. In August, 1920, he had vomited dark 
coftee-ground material every few hours for three day Toward the end 
the attack clotted blood and mucus appeared in the vomitus. The stools had 
een tarry. In November, he had had a similar attack of three days’ duratiot 
le had been severely constipated. He had had one tender spot to the right 
»f the middle line half way between the ensiform cartilage and the umbili 
ind another 5 cm. below and 5 cm he 
had felt considerable pain across the ( 
i milk diet 

Examination—The patient was pale; he had pyorrhea, arteriosclerosis 
ankylosis of the left wrist, and double inguinal hernia There was no tet 


ness in the abdomen. The systolic blood pressure was 140, the diastolic 75 
the pulse was 92 and the temperature 97; hemoglobin was 48 per ce t 


ervthrocytes numbered 3,080,000 and the leukocytes 6,200. The specific gravit 
of the urine was 1.013: the reaction acid there were a few pus cells 
Roentgen-ray examination showed a duodenal ulcer and retention Grade 2. The 
patient weighed 168 pounds. The diagnosis was duodenal ulcer and secondary 


inemia. February 9, the patient was sent to the hospital for treatment 





Course he atic nt was put on the alkaline treatment and was free fro 
I I 
a], } 


untoward symptoms for fifteen days February 26 became 
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Gastric analysis showed total acids 116 and free hydrochloric acid 100. A 
second analysis, February 27, showed total acids 70 and free hydrochloric 
acid 42. March 2, the patient’s general condition was much worse. The blood 
urea was 13 for each 100 cc. and creatinin 4.3. The carbon dioxid combining 
power of the plasma was 100 volumes per cent. There was slight tetany in 
the arms and hyperstatic congestion in the lungs. The systolic blood pressure 
was 160, the diastolic pressure was 60. March 3, the condition was similar. 
March 5, the blood urea had increased to 212, creatinin to 4.2 and the carbon 
dioxid combining power of the plasma to 112. March 7, the patient’s condi- 
tion was worse and, March 12, he died. 

Necropsy Report—At necropsy duodenal ulcer and subacute nephritis associ- 
ated with bilateral bronchopneumonia, tumor of the spleen, moderate prostatic 
hypertrophy, dental sepsis, and generalized arteriosclerosis were found. Some 
of the blood vessels of the kidney were sclerosed and there was interstitial, 
focal, and diffuse lymphocytic infiltration. The glomeruli varied greatly in 
ize Some had lost their normal structure, while others were completely 
sclerosed. Most of the capsules were thicker than normal. Most of the 
alveolar lumina of the lungs were filled with an exudate of erythrocytes, serum, 
and desquamated epithelial cells. The bronchi were filled with purulent exudate. 
There was slight hypertrophy of the muscle fibers of the heart. The liver was 
characterized by a marked increase in intralobular tissue and vacuolated hepatic 
cells. The normal pancreatic tissue was largely replaced by interlobular tissue. 
The suprarenal capsule was somewhat thickened. 

Case 2 (A373290).—Mr. G. W., aged 38 years, came to the Clinic, Sept. 26, 
1921, complaining of indigestion of three years’ duration. 

Previous History—Attacks of indigestion, which came on two to three hours 
ifter meals, were relieved by soda or food. Following a year of freedom from 
symptoms the patient had a recurrence seven weeks before examination. This 
attack began with vomiting following a heavy meal and he had since vomited 
occasionally. Pain, which was localized in the epigastrium, had invariably been 
relieved by vomiting, or by taking a glass of milk or sodium bicarbonate. The 
patient lost about 26 pounds in eight weeks; at the time of examination he 
weighed 156 pounds 

Examination.—The skin of the patient’s face showed smallpox marks, and 


three areas of lupus erythematosus were noted on the cheeks and lip. The 





teeth ar tonsils were septic. The epigastrium was tender to touch There 
were large external hemorrhoids. The blood pressure was 130 systolic and 
90 diastoli The pulse was 96, and the temperature 99 F. The specific 
gravity of a twelve-hour specimen of urine was 1.020, the reaction acid. Blood 
urea was 246 mg. A diagnosis of duodenal ulcer was made. 

Cow Oct. 3, 1921, the patient was placed on medical treatment. At 


midnight he had pain in the epigastrium; milk tasted sour at this time. 
October 5, he felt well. The following day he complained of epigastric pain, 
and more or less nausea, vomiting, and headache until October 28. Symptoms 
were invariably precipitated by an attempt to neutralize the gastric acidity by 
the usual Sipry treatment. Forcing alkalis three times led to extreme nausea, 
vomiting, and prostration. Blood urea on two occasions was 168 and 296 mg. 
\ twelve-hour specimen of urine had a specific gravity of 1.012, acid reaction, 





umin 2, and hyaline and granular casts | 
\ posterior gastro-enterostomy under local anesthesia revealed a calloused 


ulcer of the duodenum about 1.5 cm. below the pylorus; this had caused 
moderate obstruction. Convalescence was uneventful. Blood urea dropped 
to 84 mg 

Case 3 (A383699)—Mr. H. C., aged 26 vears, was examined in the Clinic, 
Feb. 8, 1922 

Previous History—In August, 1918, he began to have dull aching pains 
in the epigastrium from two to three hours after meals; the pain was relieved 
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A SIMPLE IMMERSION ELECTRODI FOR TAKING 
CLINICAL ELECTROCARDIOGRAMS 


HAROLD | B ‘“ARDEE, M.D 


NEW 


Because of its simplicity and ease 
certain technical advantages, | wish to describe 


when taking electrocardiograms of ambulatory pa 


consisting of a metal plate bound to the extremity 


with hot salt solution are commonly used for 
ambulatory patients the zinc—zinc sulphate—salt solut 
polarizable electrodes are recommended.? These | 
unnecessary complication of the techni rhe simple ¢ 
described will take technically perfect records 

It consists of a glass tank for each extremity, that 
being a cylinder about 7 x 10 inches and that for the leg 
angular, about 7 x7 x 12 inches (a fish aquarium). In these are stood 
metal plates 4 inches wide and extending up above the top of the tank, 
to which plates the wires from the galvanometer are attached. Plates 
of lead have the advantage of being least corrosive, but any metal 
would do. 

Into each tank is poured a concentrated solution of sodium chlorid 
(from 10 to 20 per cent.) to the depth of about three inches. This 
should be heated before being placed in the tank to about as high a 
temperature as can be borne without discomfort by the skin of the hand, 
for this will help to ensure a low resistance of the patient's skin to the 
electric current, probably by dilating the capillaries 

The patient sits erect or is semirecumbent in a comfortable chat 
ind places each hand and the left foot in the solution of the appropriat 
tank. He must be comfortable, and more or less relaxed physically in 

rder to avoid the fine movements of the string which arise from the 
activity of the voluntary muscles. Physical relaxation demands that 
he patient shall not have to hold the elbows to keep from pressing 
his knuckles heavily against the bottom of the tank, or to hold the 
fingers extended to reach down into the salt solution, so provision 

be made for raising or lowering the level of the tanks for the han 
Placing them on a screw top stool is fairly satisfact 

of wooden blocks each 11% inches thick 

l. James, W. B., and Williams, H. B 
Medicine, Am. J. M. Sc. 140:408, 1910. 


Lewis, T.: Mechanism and Graph 
1920. 
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The patient’s skin should not come in contact with the metal plate 
for this will cause a large current in the galvanometer circuit which 
must be compensated for by the operator. These electrodes do not 
introduce an error due to polarization, although they are, technically, 
polarizable electrodes. The surfaces in contact with the solution are 
so infinitely large in proportion to the electric currents encountered that 
the error due to polarization is reduced to less than a detectable amount. 
The situation is the same as has been shown to be the case for the 
bandage electrodes.* 

There is one other feature about these electrodes which is a great 
point in their favor. The overshooting which comes from a high resist- 
ance of the patient’s skin to the passage of the electric current is a 
much less frequent occurrence than when bandage electrodes are used. 
The resistance tends to be lower, possibly because of the different 


— 
Ne 





The vertical lines measure off time intervals. Between each line is 0.04 
second and between each accentuated line is 0.20 second (one fifth). Hori- 
zontal lines measure the strength of the electricity. Each of the series of 
steps is due to a difference of 1 millivolt (0.001 volt) introduced in the circuit 
and is seen to be very close to 1 cm. Each of the horizontal lines is 1 mm. 
apart. A deflection of 1 cm. then equals 1 millivolt. 


character of the skin of the hands and the forearms, the foot and the 
leg, and even with the same resistance, the overshooting is less. I am 
unable to offer an explanation of this but it is a common observation. 
The resistance may be as high as 6,000 ohms and yet the overshooting 
is negligible, whereas with large German silver plates and bandages 
the overshooting may be great with only 2,500 ohms resistance. 

The accompanying illustration is an electrocardiogram taken by 
Lead II, with these electrodes, the upward and downward stepping 
of the base line being caused by the operator turning in and out of the 
circuit containing patient and galvanometer potential differences of 1 


3. Pardee, H. E. B.: An Error in the Electrocardiogram Arising in the 
Application of the Electrodes, Arch. Int. Med. 20:161 (Aug.) 1917. Cohn, A. E.: 
A New Electrode for Use in Clinical Electrocardiography, Arch. Int. Med 
26:105 (July) 1920. 








millivolt. It will be seen that the steps show no si 
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In the cases thus far reported, four types of auricular mechanism in 
association with the tachycardia have been recognized. These are: 
(1) the normal type of auricular action in which the auricles are beating 
independently of and at a slower rate than the ventricles ; (2) retrograde 
auricular beats due to the stimulation of the auricles from the ventricles ; 
(3) auricular flutter and (4) auricular fibrillation. In some tracings, 
no waves due to auricular activity can be identified. 

Che combination of auricular flutter or fibrillation with paroxysmal 
ventricular tachycardia is extremely rare (except when the latter is 
caused by drugs), only one case of each having been reported, both by 
Gallavardin. Dieuaide and Davidson obtained a series of ectopic ven- 
tricular beats during the course of auricular fibrillation in a patient a 
few minutes before death. While the rate in their case was scarcely 
rapid enough to be classed as a tachycardia, it would appear that the 
mechanism was essentially the same as that found in paroxysmal ven- 
tricular tachycardia. This view is supported by the fact that brief series 
of ectopic ventricular beats of infrequent rate were also observed in 
Gallavardin’s case of auricular fibrillation and paroxysmal ventricular 


tachycardia and in our Case 2 to be described later. 


REPORT OF CASES 


Case 1.—M. H., negress, 20, a waitress, was admitted to the medical division 
of the University Hospital, Jan. 22, 1913, complaining of shortness of breath 
and palpitation of the heart. She stated that she had been “short-winded” as long 
as she could remember but otherwise had been as well as usual until five days 
before admission when suddenly, while working, she felt her heart beat, became 
weak, dizzy and short of breath and had a pain in her head. She also had a 


smothering sensation when she lay flat. These symptoms continued up to the 
time of her admission. She thought her abdomen had swollen since she had 
become ill 

Previous History—She gave a history of having had measles, mumps, 


pox, pneumonia, bronchitis and typhoid but no rhematism, chorea, ton- 





ill wr scarlet fever. There was nothing of importance in the social and 
family history 

Physical Examination.—The physical examination on admission showed slight 
cyanosis but no respiratory distress. Vigorous rapid pulsations in the neck 
were noted. The heart was definitely, enlarged with a transverse measurement 
of 17 cm. No murmurs were heard. The cardiac rate was 190. Moist rales 
1 at the bases of both lungs. The liver extended 4 cm. below the 
stal margin in the right midclavicular line and there was marked tenderness 
over it. There was slight pretibial edema 


( rse-—The rapid heart action lasted until fourteen hours after admission 
when the rate dropped to 82. During the next few days there were numerous 
extrasystoles and at times a bigeminal pulse. Five days after admission there 
was another attack of tachycardia, which lasted sixteen and one-half hours, and 
two days later a third attack, lasting five hours. During the remainder of her 
stay in the hospital, a period of three weeks, there were no further attacks but 
extrasystoles were constantly noted At the time of her discharge, che felt 


is well as she had before the onset of her illness 


ry Examination —Examinations of the blood and urine showed 


nothing f importance The Wassermann re action was mneé gative. 
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Electrocardiograms were made by Dr. Thomas Cope both during the periods 
of tachycardia and in the intervals. A tracing made during a period of tachy- 
cardia (Fig. 1) shows ventricular complexes of a distinctly abnormal type 
In Lead 2, waves due to the auricular activity can be made out and it is seen 
that the auricular contractions are occurring independently of and at a slower 
rate than the ventricular. In Figure 2, made during a period of slower heart 
action, is shown the supraventricular type of ventricular complexes. There are 
present a number of extrasystoles mostly auricular in origin. None of the ven- 
tricular complexes are similar to those found during the period of tachycardia. 

Case 2.—W. N., a white male, aged 61, was admitted to the Philadelphia 
General Hospital Feb. 1922, showing the signs of some grave disturbance of 
the circulation. The breathing was Cheyne-Stokes in type 


_ 


Previous History.—The patient was dull, stuporous and quite irrational, and 
for this reason a precise history could not be obtained. However, it appeared 
that he had been breathless on rather moderate exertion for at least seven 
years, and at times had had edema. He had been able to continue his work 
as a motorman until Oct. 1, 1921, when he had to give up on account of breath- 
lessness, cough and edema. No information could be obtained as to whether 
these symptoms had come on suddenly or not. The rest of the history elicited 
was unimportant except for a questionable attack of rheumatic fever at 25 

Physical Examination—On examination, there was found to be extensive 
edema of the legs including the thighs, and also of the abdominal walls. There 
were signs of fluid in both pleural spaces, and questionable signs of ascites. 
The liver was greatly enlarged. The cardiac apex impulse was located in the 
fifth interspace 4 cm. outside the nipple line and 12.5 cm. from the midclavicular 
line. No murmurs were heard. On admission, the cardiac rhythm was found 
to consist of periods of rapid regular action with a rate of 164, followed by 
periods of irregular rhythm with a rate varying between 48 and 60. The two 
types of rhythm seemed to share the cardiac action about equally, each lasting 
usually from one to two minutes. The periods of tachycardia began and term- 
inated abruptly. The pulse was barely perceptible and there was a large pulse 
deficit. 

Laboratory Examination.—The urine showed signs of renal congestion, there 
being a cloud of albumin with a moderate number of casts. The specific gravity 
was 1.024. The blood urea nitrogen was 20 mg. per hundred cubic centimeters 
The blood Wassermann was negative 

Treatment.—At the time of admission, a clinical diagnosis of auricular flutter 
was made, the periods of slow irregular heart action being attributed to varying 
degrees of A-V block. Accordingly the patient was given 4 c.c. of the tincture 
of digitalis followed six hours later by a similar dose An electrocardiogram 
obtained eight hours after admission showed that the cardiac mechanism was 
slow auricular fibrillation interrupted by paroxysms of tachycardia with com- 
plexes of the ventricular type. The administration of digitalis was discontinued, 
and as far as could be determined, the medication did not influence the cardiac 
action in any way. The alternation of rapid regular and slow irregular action 
persisted as long as the patient lived 


The paroxysms of tachycardia were never of very long duration, the longest 
one timed being four minutes. As far as could be determined, there was no 
greater circulatory embarrassment during their presence than during the periods 
of slow rhythm “he patient was, however, conscious of the rapid beating of 


his heart. His condition gradually grew worse Large amounts of fluid were 


removed from both sides of the chest but without improvement. The mental 





state became more confused, restraint being required to keep him in bed 
February 8, following a violent vomiting spell, sudden death ensued 
The Electrocardiograms.—Many tracings were made from which have been 


selected those presented in Figures 3, 4, 5, 6 and 7, to illustrate the types of 
ardiac action observed. During the periods of slow irregular ventricular 


ictivity (Figs. 3 and 4) the auricles are observed to be fibrillating. There ar 
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numerous complexes of ventricular type; they are more frequent in some tracings 
than in others but at no time were more than six sequential complexes of supra- 
ventricular type recorded. In nearly every instance each beat of ventricular type 
is paired with the preceding beat in such a way that their relations are practically 
identical with those of the other couples in the same tracing. The time intervals 
between the first and second beats of the couples do not vary more than 0.01 or 
0.02 second in any electrocardiogram, although slightly greater variations are 
observed in tracings made at different times. Occasionally all the beats were 
coupled (Fig. 5) and gave an element of regularity to the arrhythmia. 

During the periods of tachycardia (Figs. 4 and 6) all the complexes are of 
ventricular type and similar in form to the second of the paired beats. Figure 
4 shows the onset of paroxysms. In each instance, the relations of the first 
complex of ventricular type initiating the paroxysm to the preceding supra- 
ventricular complex are the same as those of paired beats, and the time intervals 
are the same 

All tracings of the first few beats of paroxysms show slight irregularity 
of ventricular action. This is more marked in some paroxysms than others and 
in Figure 6 an extreme instance of this irregularity is seen. In the short 
paroxysms, the ventricular action was slightly arythmic throughout but in the 
longer ones, it invariably settled down to a perfectly regular rhythm. At the 
offset, there tended to be slight slowing (Fig 4) which was particularly marked 
in the last cycle before the resumption of the slow action. 

Case 3.—E. J., white, male, aged 18, was admitted to the Medical Division 
of the University Hospital Sept. 10, 1921, complaining of weakness and swelling 
of the abdomen and legs. He stated that at the age of 5 he had had an attack 
of acute articular rheumatism which kept him in bed for several months. He 
recovered entirely but three years later had an illness in which there was 
high fever and his heart was affected. After this he was always weak and had 
palpitation on exertion. From the age of 13, there were periods of cardiac 
breakdown every year which kept him away from school for a part of the time. 
The attack which brought him to the hospital was worse than any of the pre- 
vious ones and instead of improving after rest in bed as he had done before, 
he gradually lost ground during a period of three months. He was very weak 
and short of breath and troubled by palpitation. There had been increasing 
swelling of the legs and abdomen and shortly before admission, of the left arm. 

Physical Examination—The patient was a fairly well developed boy for 
his age. He was orthopneic and somewhat cyanotic. There was marked 
edema of the legs and flanks. The left arm was greatly swollen, but the right 
appeared normal. There was a small aneurysm of the outer end of the 
innominate artery.” The liver was markedly enlarged and there was moderate 
ascites. The heart was tremendously enlarged, the area of percussion dulness 
extending from 6 cm. to the right of the midsternal line to the left midaxilla. 
There was a short systolic murmur at the apex. The ventricular action 
appeared to be totally irregular except for occasional runs of regular rhythm 
lasting a few seconds to nearly a minute. The rate during these periods of 
regular rhythm was counted a number of times and was always found around 
140. During the periods of irregular rhythm, the rate was much slower. 

Laboratory Examination—The urine showed a cloud of albumin and 
numerous hyaline, light and dark granular casts. The phenolsulphonephthalein 
excretion in two hours was 25 per cent., and the blood urea nitrogen 
60 mg. per hundred cubic centimeters. The blood count was normal, except for 
a slight leukocytosis of 12,900. The blood Wassermann was negative. 

Course—The patient remained in the hospital for ten days, but after the 
second day, no more of the short runs of regular tachycardia were noted and 
the ventricular action appeared to be continuously irregular. Digitalis was 
used freely but apparently without effect. He died ten days after leaving 
the hospital. 





lf 


16. To be reported elsewhere. 
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Fig. 3—Case 2. Auricular fibrillation, slow ventricular rate and one com- 
plex of ventricular type. The usual type of cardiac action observed between 
paroxysms of tachycardia. 
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Fig. 4—Case 2. Leads I and II show the onsets of paroxysms and Lead III 


an offset. The paroxysms are initiated by two beats identical in their relation 
ships with the isolated coupled beats. The rhythm at the beginning of 
paroxysms is not quite regular. There is lengthening of the last cycle before 
the offset. 











Fig. 5.—Case 2. Continuous tracing, Lead III. Five pairs of coupled beats 
in succession, an isolated complex of ventricular type and a short paroxysm 
initiated by a pair of coupled beats. The short paroxysm is quite irregular 
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Fig. 6.—Case 2. Continuous tracing, Lead III. Unusual duration of 
irregularity at the beginning of one of the longer paroxysms 
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( ardial sease, cardiac failure, 
gest thrombosis of the ke iry vein; aneurysm of the 
te arter robably mycotic in origin; chronic diffuse nephritis. The 
i s the arrhytl 1 was auricular flutter, the periods of regular 
n terpreted as tw t one {- block This view was favored 
that, « the d i ss ing the patient sit ere was 
t eT ( reg ir ta irdia wit a rat Always 
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( ent ] t t ne Int al 

gy. &) s vs the « ( period of rapid regular ri vith « 
t ar type \t t oftset he paroxysm, aur rillation 
é ent The tracing also shows three pairs of coupled beats shortly 
ry termination of the paroxysm The time intervals between the first 
S¢ n of the pa red beats vere 0.43, 0.42 an 0.43 second, respectively 
I I of the complexes of isolate beats of ventricular ty] the paroxysm 
ta irdia and the second of the paire eats following the paroxysm aré 
t i The cardiac rate ring the paroxvsm was 1%, the length of the 
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Fig. 7—Case 2. Leads I, II 1 Il periods of successive beats of 
ot recurring slow] nd somewhat irregularly 
} 
' W., a woman, aged 58 mitted to the medical Division 
: ft Uy rsity Hospital Ju 3, 1921 ning of goiter and swollen legs 
: S tated that she ad first tice enlargement f the neck about seven 
t isly a f« ve or six vears had had some difficulty in swallowing 
t T¢ months before d SSi she had een nervous suffers from 
} Ipitatior rdial pain feeling of oppression and shortness of 
; , slight exe She ha 17 nds in the ret te nonths before 
: ! ram it She was 1 tel ¢ ciated appearing 
: t ‘ it the stated. The thyr gland was enlarged, particularly the 
: t t lobe n the region of the ist is, ther was a mass the size of a 
walnut and directly above a small $s p attached to the larynx. 
The rt was greatly enlarged a1 ] tr sverse measurement of 16 cm 
| Ss a syst murmur at the apex The rate was very rapid and the 
rhyt pparently totally irregular \ few crackling rales were heard at the 
é f both lungs, the liver was enl 1 there was rate swelling 
the legs 
! ra The bk and ur examinations showed nothing 
f importance. The metabolic rate was 37.7 per cent. above the normal. The 
: blood Wassermann was strongly positi 
‘nical Diagnosis.—Syphilis, adenoma of thyroid, chronic 1 cardial disease, 
i ic failure with passive congestion a ricular fibrillation 
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hs later reported to a social worker that she was well. She refuss how 


er, to return to the hospital for further study 


DISCUSSION 
In Case 1, the requirements of Robinson and Herrmann for tl 
liagnosis of paroxysmal ventricular tachycardia are satisfied Phe 
ventricular complexes are distinctly abnormal during the paroxysms, 
their form being that of contractions arising in the left ventricle. The 
auricular beats are independent of the ventricular and occur at a slower 


rate. This is the fifth case to be reported in which the waves of inde 
pendent auricular contractions have been recognized during the parox 
ms [he other cases are those of Butterfield and Hunt, Cohn, 


Robinson and Herrmann, and Gallavardin. In the two cases reported 
by Lewis in which the paroxysms were very brief, the auricular rhythn 
did not appear to be disturbed although no auricular waves wert 
discernable during the paroxysms. 

The Recognition of Beats of Ventricular Origin During Auricula 
Fibrillation—In the presence of auricular fibrillation, the diagnosis of 
ibnormal ventricular mechanisms such as ventricular extrasystoles or 
ventricular paroxysmal tachycardia lacks the confirmation that may 
rdinarily be obtained from an analysis of the auricular action. The 


origin of a single beat with an abnormal complex during fibrillatior 


be quite uncertain since temporary intraventricular defect in con 


iction May cause a beat of supraventricular origin to simulate 


~ 


ventricular extrasystole. Under certain conditions however, as Lewis 


1 


is pointed out, the diagnosis of ventricular extrasystoles during fibril 
tion can be made beyond a reasonable doubt. Such is the case whet 
1) there is coupling of beats, (2) the first beat of the couple has 

mplex of supraventricular type and the second of ventricular type 
| (3) the various paired beats correspond to one another in their 


1 


relations, including the time interval between the two beats. Thess 


nditions are abundantly fulfilled in our Case 2 and the second of the 


numerous paired beats observed may be regarded beyond reasonab! 
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doubt as being ventricular. If the tracings showing the beginnings of 
iroxysms be compared with the coupled beats, it will be observed 


that each paroxysm is initiated by two beats that are in all respects 
mul ¢ tl > lated . le | 1] 1 «(ti ‘cond be the 
simular to the isolated couples. ouowing the second beat, there 1s 


found a succession of ventricular complexes having the same form and 


onsequently portraying the same course of the excitation wave. Thus 
the origin of the paroxysms may also be regarded justifiably as 


entricular. 
In Case 3, the evidence is similar to that of Case 2, although not 


quite so complete since no tracing of the beginning of a paroxysm was 


~ 


tained. There was the same type of coupling of beats and the 
mplexes during the regular tachycardia were identical in form with 
he second complex of the couples. Furthermore, the ventricular cycles 
ere approximately equal to the time intervals between the first and 
second beats of the isolated couples. In Case 4 there was similar 
oupling and the beats initiating the paroxysm were identical in their 
relations with those of the isolated couple seen in the same tracing 
(Fig. 9). Moreover, there are found complexes of supraventricular 
type more premature than the ventricular complexes, a fact that can 
not be explained on the assumption that the abnormal complexes 
represent merely aberrant beats due to intraventricular conduction 
changes. 

The Auricular Mechanism During Paroxysms in Cases 2, 3 and 4. 
Although no evidence of auricular activity could be discovered in trac- 
ings of paroxysms in Cases 2, 3 and 4, there is no reason to doubt that 
fibrillation continued. Fibrillation was undisturbed by coupled beats 
in all three cases and by short paroxysms in Cases 2 and 4. In relation 
to longer paroxysms in Case 2, the auricles were demonstrated to be 
fibrillating up to the onset of the ventricular tachycardia and immediately 
after the offset. Fibrillation was also present immediately after the 
offset in Case 3. Moreover, in Cases 2 and 3, no other auricular 
mechanism was discovered. A similarly close relationship of fibrilla 
tion to paroxysmal tachycardia was also observed in Gallavardin’s case 

The Rhythm of Ventricular Paroxysms.—The fact that slight but 
definite ventricular irregularity was present throughout the paroxysm in 
Case 4 does not constitute a valid objection to the interpretation of its 
ventricular origin. As stated above, a similar irregularity was noted 
in the short paroxysms in Case 2 and also during the first few beats 

f the longer paroxysms. The brief paroxysms in Hart’s and Cohn’s 
cases also show ventricular irregularity as do the first few beats of a 
iroxysm recorded by Marvin and White. Thus a high percentage 
the cases in which onsets of paroxysms have been recorded, show 


ome ventricular irregularity. 
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The Length of Paroxysms.—The length of paroxysms of ventricular 
tachycardia appears to vary as widely as in the supraventricular types 
\ succession of two ventricular extrasystoles is often found and three 
occur occasionally. It has not been customary however, to regard less 
than six successive beats as a paroxysm and these are rare. In about 


' : 
half ti 


halj e cases thus far reported, none of the paroxysms observed 
exceeded five minutes in duration. Some cases had both short and long 
paroxysms, and occasionally the tachycardia has lasted for days. The 
longest case on record is the one reported by Robinson and Herrmann 
in which an attack lasted presumably for eleven days. 

Association with Myocardial Disease.—It is evident from a study 
of the cases that paroxysmal ventricular tachycardia is usually asso- 
ciated with grave cardiac disease. Of twenty-two undoubted cases, 
eleven patients are known to have died within a short time after the 
ventricular tachycardia was recognized. There is abundant experi- 
mental evidence that the condition may be produced by coronary 
occlusion and Robinson and Herrmann have presented clinical evidence 
to that effect. Cardiac syphilis has been found in some cases. Ovca- 
sionally, however, the condition has occurred in patients with a fair 
degree of cardiac function and without clinical evidences of profound 
myocardial disease. Most of such cases have been among those with 
short paroxysms. 

Other Abnormalities of Cardiac Function—The frequent occur- 
rence of other disturbances of the cardiac mechanism has been a 
remarkable feature of the cases. Between paroxysms, extrasystoles 
are usually numerous. Most often these are ventricu'ar in type and 
have electrocardiographic complexes similar in shape to those of the 
paroxysms However all types of extrasystoles may be found. 
Various grades of A-V block up to complete block have been observed 
and also disturbances in bundle branch conduction. Three of the cases 
also had paroxysms of supraventricular types of tachycardia, four 
had auricular fibrillation (including the three of this report) and one, 
auricular flutter. 

Clinical Manifestations —Occasionally during brief paroxysms, as 
in our Case 4, the patient is unaware of anything unusual occurring, 
but in the majority of cases there are obstrusive symptoms. Palpita- 
tion, particularly a consciousness that the heart is beating very rapidly, 
is most common. In the longer paroxysms, the symptoms of cardiac 
failure become prominent features. The studies of Barcroft, Bock and 
Roughton on blood flow and respiration were made in a patient in 
whom, whatever the origin of the tachycardia, the excitation wave was 
spreading in an abnormal manner similar to that observed in ven- 
tricular paroxysms. These studies show what an extraordinary diminu- 
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n of circulatory efficiency may occur during such a paroxysm. It 
is easy therefore, to understand the seriousness of a long paroxysm 


ventricular tachycardia in a patient already the victim of mvocar ] 


disease. 
As indicated previously, there is no way at present of distinguishing 


ventricular paroxysms from those 


] 


yf supraventricular type, except by 
liograms. From the history and the examination of the 


electrocars 
heart during a period of ra»id rhythm, it should be possible in practically 
ill cases to recognize the presence of some form of paroxysmal tacl 
cardia. One can however scarcely eliminate the pos ibility (rer 

may be) of paroxysmal auricular flutter. When the paroxysms occur 
in association with auricular fibrillation, the ventricular action may 
closely simulate that of an ordinary form of auricular flutter, the 
paroxysms being mistaken for two to one rhythm and the slower 
rular action for the inconstant block that so often occurs in f 


»¢ 
~ 


irre 
This happened in our Case 3 and the clinical diagnosis of flutter 
uppeared to be further confirmed by having the patient sit erect, whicl 
sometimes brought on the periods of rapid regular ventricular action 
thought to be two to one flutter, but was in reality paroxysms of ventri: 

ular tachycardia. Although the diagnosis of auricular flutter was also 
made in Case 2, it is apparent, on reflection, that the occurrence of 


paroxysmal tachycardia originating below the auricles, should have been 


suspected he marked discrepancy in rate between the periods of 


rapid regular rhythm and the slow irregular action were greater than 


1 
} 


are to be expected to occur spontaneously as a result of change of A-V 


conduction in auricular flutter. Moreover, the conspicuous coupling 
I Ss 


of beats during the periods of slow action should have directed atten 


g 
tion to the possibility of the rapid rhythm being of the nature of 
paroxysmal tachycardia 

The Influence of Drugs.—Recently, several papers have appeared 
suggesting that drugs such as quinidin and digitalis may be responsible, 
in certain cases, for ventricular tachycardia. Oppenheimer and Mann ™* 
state that a patient under their observation twice developed ventricular 
tachycardia during the administration of quinidi Lewis, Drury, 
Wedd and Iliescu’** report that abnormal ventricular complexes are 
frequent in electrocardiograms during quinidin treatment and that, in 
occasional cases, they become very numerous and are then associated 
with long or short periods of ventricular tachycardi These authors 
ve published a tracing in which a period of tachycardia was recor 
17. Oppenheimer, B. S., and Mann, H Results with Quinidin in Heart 
Disease, abstr., J. A. M. A. 78:1758 (Tune 3) 1922 

18. Lewis, T.. Drurv. A. N.. Wedd. A. M.. and Tlies <a Observations 

n the Acti: 
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yns of Certain Drugs upon Fibrillatior f 4 \uricles. Heart 9: 
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a ee tated that the A ae Een ee Cae Cee . onm 
i \ ive | it eV were m ied to view the abnormal com 
les omnes Lina — , ae Se 
plexes erran orms D more comparable to the abnormal 
beats which help to constitute digitalis coupling. Levy *® reports that 
he | recorded ventricular tachycardia in five out of twenty-five cases 
of auricular fibrillation treated with quinidin 
Schwensen recently reported two cases that he believed to show 


entricular tachycardia as a result of the administration of digitalis. 
Unfortunately, in one of his cases, no tracing was obtained during the 
period of tachycardia. In the other case, auricular fibr*!lation was 
interrupted by a regular tachycardia, the tracing of which showed a 
remarkable alternation of complexe Che author's assumption of their 
ventricular origin cannot, however, be accepted as establishe 

Of the four cases we report, tachycardia due to digitalis or quinidin 


can be ruled out in Cases 1, 2 and 4, since neither of these drugs had 


been taken when the tachycardia developed. This is noteworthy par- 
ticularly in Cases 2 and 4 in both of which accurate coupling of beats 


occurred. It should, however, be emphasized that this is not necessarily 
a digitalis effect. We have observed it also in other cases not under 
the influence of the drug. In Case 3, the possibility that digitalis 
caused the tachycardia could not be excluded, since treatment has been 
received before admission to the hospital. This, however, seemed 
unlikely, as large doses of the drug were administered in the hospital, 
in spite of which no paroxysms were observed after the second day. 

In view of the observations of Oppenheimer and Mann, Lewis, and 
Levy on the ability of quinidin to evoke ventricular tachycardia, it is of 
interest to note that quinidin and quinin have been found of value in 
suppressing the condition. Boden and Neukirch * state that they were 
successful in terminating paroxysms by the intravenous injection of 
quinidin, while Singer and Winterberg “ obtained good results in their 
cases with quinin. In our Case 4, both the auricular fibrillation and 
ventricular tachycardia were abolished by quinidin. These results would 
appear to indicate that further observations of the effects of the 


cinchona alkaloids in this condition are desirable. 


SUMMARY 


lia are reported, 





1. Four cases of paroxvsmal ventricular tachv 


one with auricular mechanism of normal type and three with auricular 


19. Le R. I The Clinical Toxicology of Quinidin, abstr., J. A. M. A 


as the Result of the Administra 
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Jonnesco regards angina as a manifestation of irritation of é 
ardio-aortic plexus, in fact, a neuralgia of the same. Gilbert, Garniet 
nm aquez approve this theory lonnesco’s argument is \ more 


r less marked chronic aortitis is always present in angina Che aortitis 
irritates the nervous filaments of the plexus. Franck has shown the 
predominant role of sensory fibers ascending from the cardio-aorti 
exus, passing to the cervicothoracic sympathetic and reaching the 
lary and brain centers by three routes: (1) The paravertebral 
hain; (2) vertebral nerve; (3) communicating dorsal branches of 
first thoracic ganglion There are, therefore, in the cervicothorac 
mpathetic centrifugal and centripetal nerves which transmit to the 
enters impressions arising in the thoracic and even in the abdominal 
iscera. This explains how irritation of the cardio-aortic plexus causes 


reflex circulatory, sensory and motor troubles. 


lo stop these troubles one must interrupt connection between aorta 

ind nervous centers reacting to the irritation mentioned It would 
he ideal to cut only centripetal nerves leading sensation from cardio 
tic plexus to brain and medullary centers. This being impossible 


ne must resect the whole strands and ganglia which surround both 
entripetal and centrifugal fibers. Simple section is insufficient; one 
must resect. The whole mass of the two lower cervical ganglia and 


the first thoracic must be taken Resection of the u 


pper cervical 

ganglion is not necessary. If the reflexes from the cardio-aortic plexus 

re suppressed, their consequences, which constitute the alarming and 
ce P ] } ; } sk 1] 1 and 

ive symptoms of angina, will be stopped The sudden death from 

angina seems to be due to spasm of the arteries of the medulla rhe 


origin of this spasm lies in the aortic irritation 
Vasoconstrictor action of the cervical sympathetic on the bulbar 
essels by way of the vertebral nerve is well known. This action is 


uppressed by the section of the vertebral nerve which takes place 


hen the cervical thoracic ganglion is resected 
Unilateral resection (left) was sufficient 1! this case Angina 


neuralgia is limited to the left side of the thorax and to the left arm 
ludging from the brilliant result in this case, Jonnesco is inclined 
ink that unilateral resection might be sufficient. However, the ope 
tion being simple and innocent, it seems preferable to him in future 
practice bilateral resection even though unilateral resection s] 
w itself sufficient. 
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In the medical service of the Southern Pacific Hospital there 1 


igh percentage of cardiovascular cases and angina 1 n unu 
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1 erate to keep e emplovees 

t t imize the loss from overturn, many patients 

( eve m ( ta surve\ I heir 

n because « mptoms which are im any way unusual. 

t in als eir superior officers for symptoms suggesting 

sudden impairment of their usefulness. When Jon- 

eare ere were a number of mild angina cases in 

thi everal patients had had severe attacks. After consulta- 

t \ ( ( ( yy n was etermine to select a <« e with a 

gy t of attacks, and try the operation under general anesthesia, 

ey g with the severing of the main trunk of the left sympathetic, 

t g the vertebral connections of the superior cardiac branch 
n e superior ganglion 

e€ operation is based upon a theory in support of which 

expr é yn animals is of no value, both because we cannot reproduce 

the ease in animals and because the nerve supply to the heart 1s 

juite erent from that in man, it goes without saying that the opera- 

t was undertaken only after mature deliberation and frequent 

ns m. It so happened that the most aggravating case (Case 1 


in our series) had been observed for a year or more by Dr. Herbert 
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during which time the patient got slowly worse, inasmuch 


vocation so that we were unwilling to try the local anesthetic 


‘rs for the heart run through the upper thoracic nerves 


} 


ks became more frequent and more severe. It was with 
that, after a consideration of the operation in which the 


e facts before Dr. Moffitt, he heartily concurred in 





of the extreme uncertainty about the sympathetic cardiac 
in man, and with full recognition of the fact that we were 
1 a theory, after numerous dissections by one of our interns, 

under the supervision of both of us, we determined t 
peration in two steps and to do it under general anesthesia 


1 


was having from six to ten attacks a day under the 





ement usually accepted among physiologists is that the 


gis 





1 ' 





te ganglion. These fibers have their source of origin 1n 


ganglia and according to Edgeworth* and Ranson and 


ey pass without interruption through the sympathetic 
1 in the heart and main blood vessels. Whether any fibers 
as the superior ganglion is uncertain. Believing that there 
for attributing the attacks in Case 1 largely to stimuli from 


ugh they occurred also after eating, we determined t 


th: J. Physiol. 18:261, 1892; J. Comp. Neurol. 29:405, 1918 
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Fig. 1—The cervicoth 
ifter Francois Franck 
rvical nerves; C, tourt 


uperior cardiac 


have occurred in the eight months since the 
generally accepted as the main connection from tl 
remained intact. 


In a personal communication through Dr. Herbert 


5S- 


5. W. Ranson, professor of physiology, Northwestern U 


School, states ““The removal of the inferior cervical 


lia should be the most effective procedt 


iac pain.” It was therefore proposed by 








to make this the next procedure, provided the severing of the upper 
connections did not suthce \ithough Ranson believes that the cervical 
sympathetic ganglia have no connection with the brain and spinal cord 
except through the sympathetic trunk and white rami of the thoracic 
nerves ° the fact remains that in all of our five cases the sole procedure 


has been the cutting of the direct connections between the heart and 


| ganglion. We believe that by this severing suff- 
\ 4 


* ~ 


the superior cervica 
cient change takes place in both heart and brain to prevent attacks 
ich the symptoms are left sided. 

\ttacks of pain confined to the right side are described by many 
writers but are certainly very rare. Allbutt® reports only one case 
in which the pain was limited to the mght side. No necropsy was 
obtained in that case. 

Morrison’ reports a case of dextral radiation in which the post- 
mortem showed gross lesions of the pulmonary valve and the base of 
the pulmonary artery, the aortic side fairly free from disease. Drum- 
mond * argues for left sided pain when the aneurysmal sac springs 
from the anterior aspect of the arch, whereas the nearer the sac 
approaches the upper and posterior aspect of the inside of the trans- 
verse portion of the arch, the greater the tendency to pain in right 
shoulder and right arm. “One of the most interesting and constant 

ervations was the connection between the root of the innominate 
artery and pain at the back of the neck and occiput.” 

It would be interesting to try the operation in a case of dextral 
radiations, first doing the severing on the right side to see if that 
would relieve the symptoms. It would be a further contribution to 
e understanding of the physiology of the sympathetic system if we 
a. 


i 


were able to operate on the inferior cervical and first thoracic ganglia 


in Case 4 to see if the remaining pain attacks in the left forearm 








Case 1.—Hist H. B., aged 51, American born, locomotive engineer for 
the Southern Pacific Railroad Company for twenty-seven years, entered the 
al, Sept. 10, 1920. complaining of shortness of breath for three years, 
re marked for the last six months. Associated with it there had occurred 
slight precordial pai He is a very nervous man suffering with headaches 
which developed after he stopped drinking coffee. His only other subjective 
wa t ils f recent date, and an attack of Bell’s palsy from 
which he had not quite recovered, the right lid drooping slightly and the 
mouth opening better on the left side. He had been well otherwise all | 
life s for a neisserian infection thirty years ag 
il Exa i idm n Slight ht scoliosis in thora 
reg Ra and t the heart rt second rtic sound marke 
accented. Heart slight reas size Blood pressure, 174/85. Wasser- 
5. Ranson and Billingsley 1. Comp. Neurol. 29:367. 1918 
Allbutt: Diseases of Arteries Including Angina Pectoris 2:301 
7. Morrison, A Tr. Path. S Lond., 1872; Lancet 1:51 (Jan. 8) 1910 
Q Drumm nd T) Pe«se M T 1: 580 Tans 13 1908 
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we had made numerous dissections on cadavers, we concluded, 


wk of intimate knowledge of the physiology of the sym- 

system in the human being, that we could contribute more 

he scientific understanding of both function and results. if we did 
operation in steps. 

We, therefore, agreed in spite of the experiments on animals to 

trary, that if the cervical sympathetic excited or controlled the 


ar 


ena producing angina, instead of a wholesale dissection, whi 


way proved the case, we would first sever the important cardiac 
nections, beginning at the more accessible end. 


+ 


this, we recognized fully that physiologist 


the 


work w: 
lief, not 
justifies the theory 
uuld only be followed 
ry rel of e symp- 
} would not hesitate, with 
, to do it under a] 


recipitated by nervous conditions 
1f digestion, or in those cases which occur without 


or when the patient has been given the proper medical 
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ften very near the sympathetic nerve, or a branch of the 
glossal nerve accompanying the internal jugular, or still more 
<traordinarily lw the pneumogastric nerve 
e confusion that one is apt to find oneself in, especially if 
retraction is made too soon, or any slight hemorrhage occurs, may 
e the first efforts in finding the sympathetic very trying. It 1s 
vecessary always to have some point of reference to orientate oneself 
find more easily the sympathetic cord, of which the superior 
ervical ganglion is the unit and should serve as a guide in finding 
the main trunk. 
When in doubt, the ganglion should be sought on the vertebral 
lane, at the upper extremity of the field of operation. It is fusiform 


in shape, and when outlined is very striking. The balance of the work 


s made easier, if the ganglion is found at once. At the lower extremity 
the field the cord therefrom is isolated and seized with a forceps 
nd severed; likewise, the cardiac branches. 


n the removal of the ganglion, with the disengagement of the trunk, 
the ganglion is elevated and can readily be dissected. With a tractor, 
he ganglion is separated from the neurovascular bundle and freed 
from the vertebral fascia. The branches, which are attached to the 

» borders, are cut with a blunt pair of scissors in a manner so that 
he ganglion is now held by both ends of the cardiac trunk below and 
he cranial branches above. To remove it in its entirety, it is secured 
emostat after separating the trunk and cardiac branches. With 


traction, it can be pull 


ed from its crania 


attachment 


s complete removal was done in one instance, and in the other 








es, merely the main trunk below the ganglion and cardiac branches 
e severed 
e wound is closed in the usual wavy without drainage 
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rt. Pulse, 96. His phthalein out; S per cent. BI 
Urine showed the same low specific gravity and inabilit 
dry diet 
Jan. 4, 1922: Patient returns after two weeks reporting 
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Electrocardiogram of Case 3. 
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14 {RCHIVES OF INTERNAL MEDICINE 
\fter the operation the left pupil was contracted and the con 
| ruary 23 he complained that during the night before he was awakened 
W rning pain in the “base of the brain” lasting an hour each time 
I} mn was not as bad as the same pain he experienced at the time of 
perat Patient returned to work February 27 to report in one month. 
[he left pupil was still a little smaller than the right A second trial of 
j is made after operation but 22% grains did not affect the fibrilla 
ions arger doses were not given because of their previous bad effect 
Case 4.—History.—T. J., conductor, was admitted to hospital, March 7, 1922, 
for bsternal pain following exertion or exposure to excitement or cold 
( istov Syphilis in 1899. Three plus Wassermann, Nov. 14, 1921 
rw Wa rmann, March 1, 1922. Under treatment numerous times tor 
yphil Fourteen neo-arsphenamin injections and sixty-six intravenou 


inid ercury injections. Wassermann never negative 
In 1914 he was told that he had valvular heart disease. Occasionally sinc: 
hen he has had a sharp pain in the heart (thinks it is from gas), but it 





radiates to the upper sternal region and down left arm Feels it especially 


ft elbow, and flexor surface of left forearm and left hand. The whole 
irm gets numb. Cannot walk more than five car lengths without pain, espe- 
ly at night (possibly on account of fatigue). Has taken soda and nitro 
glycerin with relief he thinks. Since 1915 he has had some pain in region 
f aorta all the time. A cantharides plaster may relieve this for several days 
Has had cough with expectoration since 1915 and always substernal pain 
with cough. Occasional dizzy attacks, independent of the angina, may come 
Iking. Has had pain attacks lasting about twenty minutes in left 
egion with the dizziness 

j ical Examination.—Eyes clear, pupils regular, seem to contract normally 
Nose normal. Hearing good in right ear; left slightly defective. Some teeth 
! and need attention. Odor of breath a trifle putrid. Membranes nor- 





‘ ‘ 
No tonsil enlargement. Ton clean. Glands not enlarged. Chest 

Per sion note normal. Expansion fins No abnormal breath sounds, except 
‘ ul catch and click where roentgen ray shows diaphragmatic adhesions 
t t apex. Heart: Vessels of neck prominent and pulsate. Double murmur 
heard everywhere. Thrill at apex Maximum beat fifth interspace outside 
nammary line. (Both stenosis and insufficiency of mitral valve. Insufficiency 
f aortic valves.) Rate slightly rapid and rhythm irregular. Substernal dulness 
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ncreased and pulsation felt in suprasternal notch. No thrill there 
Jormal Reflexes Knee jerks not obtained Rhomberg  sligt 
lood Pressure: 142/32. Roentgen ray shows diaphragmatic pleuri 


leuropericardial adhesions and a shi 


ith warmth. 


-ANGINA PECTORIS 


adow thought to be 





at left apex. Fluoroscopic examination shows general hypertrophy of heart 
orta thickened, increased in size and marked pulsation which is also expansile 
type. 

Diagnosis.—Chronic aortitis and a question of beginning aneurys 

Treatment Patient was confined to bed on light diet and antisyphilitic 
nedication. March 11, 1922: He frequently awakens in the night with the pain 
ind is conscious, as he was last night, that he had had nightmar Something 
vas chasing him. Thinks that walking in the night air or cold a S re apt 

precipitate pain. Occasional extrasystoles noted 

March 13 (Examination by Dr. G. H. Willcutt “There is quite an amount 
f purulent material in the lower part of the trachea which is force ur 
y expiration and phonation. There is a chronic inflammation of ( cal 
ox itself but the cords are not involved. Believe the material seen in the 
trachea is coming from below.” 

March 16: Walks ten to twenty blocks a day. Always has a 
below middle third of sternum and in left neck. Worse when he exercis¢ 
inusually and at night. 

March 23: Heart rate, 96; rhythm fairly normal. Blood pressure: 188/32 
Had arsphenamin at 3 p. m. yesterday at Municipal Clini They re t | 
Wassermann as three plus. One hour after this injection, he had a derat 
ittack of angina lasting twenty minutes. Pain felt in left side of me rst 
nd then under upper part of sternum and finally in left forearm just | 
the elbow. Hand felt numb. No special tingling in finger he ha ( 
imes. Attack came on as he was returning to hospital ry la atta 
efore this was about 7:30 p. m. on the night of the twentieth as he start 
ack to the hospital. This attack lasted one hour, and was quite severe. Pai 
in some places, shortness of breath. Felt heart flutte: 

Operation—The operation of left cervical sympathectomy was dot 
W. B. C.) under gas and oxygen, March 23. Had an anginal attack last 
twenty miautes just as he reached the operating room. Had to stand and 
lean over to get relief. The superior ganglion was unusually high up and whe 

was pinched with forceps no eye or pupillary reflex was observed in left 
eye (both pupils were markedly contracted which may have accounted { 
this) for he was deeply narcotized. Pulse rose from 84 to 96 on tl perat 
table but this, too, may have been due to the anesthesia Phe ain trunk 

f the cervical sympathetic and superior cardiac branch were it v the 
inglion. No immediate effect on pulse. After the operation, tl atic 
iid he could not open his left eye for five or ten minutes. Noted slight 
anginal character under upper sternum for five minutes, coming hort] 
fter he regained consciousness 

Course —March 24: No strain now with his cough and no 1 ‘ é 

gh which he frequently had before. Pulse, 90. Blood pressure, 196 t 
Left pupil contracted half the size of right. Conjunctiva blurred on left 

March 26: Blood pressure, 205/45. Feels fine but twitchingl é 

ughs less severely, raises easily. No pain. Gave 5 grains pota im 

nd 15 grains strontium bromid three times daily He thinks now that t 
pain he had when emerging from the anesthesia was imaginar 

March 27: Had a little pain in the flexor side of left forearm last 
lasting ten minutes. The substernal condition is felt when he take id 
breath but is wearing off. Instead of a lasting burning pain it tow 

pull on a scar that is no longer sore 

March 29: Yesterday twice and once this morning had light pair 
left forearm for twenty minutes. Cold causes it and he thinks it goes aw 





HIVES OI! VTER 


6 Yesterday he had neo-arsphenamin, 09 gm., and we are giving 

rcacodal intravenously every day for three doses, then every other day except 

when he gets neo-arsphenamin. Caught cold yesterday. Has had both sub- 

pressure and left forearm pain for week past, but only at night when 

he gets up in the night to urinate. Was on diuretin for one week. Says the 

bromi dium mixture makes his head ache and that is to be omitted. The 

pain in the heart and arm are not as severe by half and last from ten to 
twenty minutes instead of an hour. Does not have them in the day time. 

pril Patient has been markedly better since operation. No substernal 

ometimes conscious of pressure there. Still has pain in flexor 

eft forearm at times after exertion. Has been emotionally carried 

Revivalist McPherson, who is proving Barnum’s dictum, that the 

to be buncoed. He considers himself cured by her. Has been 

y intravenous injections of mercury at the hospital and arsphen 

amin at the public clinic once a week, and is still Wassermann positive. Has 

been up and about for a month and except for slight pain in left forearm, which 


t 


he feels if cold or tired, he has no subjective symptoms The cough has 
‘ractically disappeared. 


ocardiogram ot 


Case 5.—History.—L. J., aged 44, printer, was admitted April 4, 1922, com- 
plaining of pain in chest and hoth forearms beginning about one year ago 
with intense pain on exertion which left him when he rested a few minutes 
Did night work and on the way home the attacks were more likely to come 
From the start attacks came about once a day He began having pain in 
right forearm very shortly after onset. The substernal pain was not more 
evere or more frequent and the pain in the right arm was not severe at first 
The next development was six montl r when the pain came on in the 
left forearm It never shot up to the shoulder nor has it been felt in the 
nex From the start in the left arm 1as been severe everywhere and 

1 longer and came more and more of until he consulted Dr. Strietman 
put him to bed and gave him iodid and mercury by mouth which later 
changed, at Dr. Moffitt’s suggestion, to iodid by mouth and mercury rub. 


t done any work for six m After attacks became severe he went 


In spite of one negative Wassermann he was put on mercury rub and 


given neo-arsphenamin. The rubs were followed by a relief of pain for a 
day or two. He is not able to distinguish benefit from rest as compared t 
benefit from medication. For three months was a good deal better. The 
daily attacks were reduced to two a month, were very severe but were relieved 
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by nitroglycerin. While on the rubs he was better but stomach was out 
f order. Neo-arsphenamin upset his stomach more and more, but also relieved 
pain. Has been without treatment for three or four weeks and attacks are 
again very severe, about one an hour at night and less often by day W ife 


reports that before the attacks began 1 year ago he had a dragging of left 


toes so that he wore out the toe of his shoe. For three years this had been 
coming on and getting worse. When tested by Dr. Strietman, during an 
early examination, an incoordination in left foot was found. 

Past History.—Negative except for soft chancre and Neisserian infections 
Inveterate smoker for twenty years. Never had a headache except after alco- 
holic excesses. 

Examination.—Tongue clean. Teeth sound but tendency of gums to recede 
soth tonsils infected, especially the right. Anemic. (Pale?) Chest: normal 
in appearance. Lungs: O. K. Heart: enlarged laterally. Apex in mammary 
line, fifth interspace; rate and rhythm normal. Double murmur everywhere; 
presystolic ending in thump, and systolic at apex, but a diastolic is plain to 
left of sternum in third interspace. <A different sort of systolic roughness is 
noted over aorta. No thrill felt anywhere. Liver: not large. No edema. Eye 
reflexes, normal. Pupils equal and react to light. No numbness in hands or 
feet but feels a little tingling for two weeks 1 f id toes, almost 
constant and aggravated by holding out his hands. No knee jerks. Blood 


mast in gers al 


pressure, 130/60. 

Roentgen-ray examination of chest (M. P. Burnham): “Six foot plate 
showed hypertrophy of both right and left hearts, more marked of left with 
increased density in thoracic aorta as a whole Arch raised about one inch 
higher than normal, overlapping lower border of clavicle. Findings typical of 
aortic valve lesion plus aortitis.” 

April 5, 1 p. m.: Had no attack and no pain from yesterday morning until 
the doctor came this morning to do spinal puncture. While cleansing the back 
in anginal attack began with substernal pain; then in both forearms. Never 
any neck or stomach symptoms. During the night had some sensation of gas 
in abdomen but had altogether a comfortable night. Had another attack just 
now when I came into the room. Is fully conscious of the nervous cause of 
these atiacks. After the attack, which lasted ten minutes and was relieved 
(probably by two doses of nitroglycerin) the blood pressure was 96/66. 

Operation.— April 6: Before operation blood pressure was 122/60. The 
pulse averaged about 90, it rose to 140 at the beginning of the anesthesia by 
gas and oxygen and fell to 120 after the operation. The patient struggled so 
violently that it was mecessary to administer ether during most of 
operation. 

Following the operation he was somewhat cyanotic a1 lis skin was much 
relaxed. He became conscious very shortly and during the six hours that he 
lived he had no pain but a distinct vasomotor disturbance, heart acceleration 
cyanosis, drenching perspiration with markedly relaxed skin, failing to respond 
to atropin. He died a cardiac death. 


SUMMARY 

Patients were selected for operation from a large group and only 
those were operated on whose attacks and pain symptoms were 
extremely exaggerated, or as in Case 3 the few attacks were of 
extremely grave character, and the underlying condition not amenable 
to therapy. The patient in Case 1 had had six months of rest and 
care with progressive increase of his trouble. The patient in Case 2 
had a degree of hypertrophy with probable myocarditis that was 
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the resection in angina pectoris. It was seventeen years after this 
suggestion of Franck’s that Jonnesco took it up and did the first 
operation for the relief of angina. 

Concerning the safety of the operation in other than cases of 
angina, important light may be found in the report by Jonnesco*® on 
159 cases of cervical sympathectomy for the relief of goiter, epilepsy 
and neuralgia. The operation has been done also for the relief of 
glaucoma.’® Of the 159 cases, in 141 three ganglia were removed 
and in some the first thoracic also and in all but two cases the operation 
was bilateral. No deaths and no secondary trophic disturbances. Of 
twenty-five cases of exophthalmic goiter, all the patients made a com- 
plete recovery. Of eighty-eight cases of superior sympathectomy, sixty- 
one patients were cured or improved, twenty-two were unimproved 
and five were worse. In 117 cases of epilepsy there were twelve 
definite cures. Of 2 cases of trigeminal neuralgia, one patient was 
relieved for four years and one for six months. 


CONCLUSIONS 


Sympathectomy was done in five cases of angina pectoris, two of 
them presumably due to syphilitic aortitis. Death occurred in one case. 
Marked. improvement was noted in the remaining four cases. 

In view of the obstinate and painful nature of the symptom angina 
pectoris, the relief following operation in these cases seems sufficient 
to warrant further trial of this or similar operative procedures. 


9. Jonnesco: German Surgical Congress, 1906. Quoted by Binnie. 
10. Binnie: Manual of Operative Surgery, Ed. 7, 1916, p. 221. 
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FATTY DEGENERATION OF THE HEART * 


A. M. MASTER, M.D. 


NEW YORK 


The clinical and pathologic diagnosis of “fatty heart” or of the 


heart the seat of “fatty degeneration” ' 


is still too commonly made. A 
decade ago it was even more frequently diagnosed than it is now. 
Broadbent ? described the etiology, symptoms, physical signs, prognosis 
and treatment of fatty degeneration of the heart. He says, “No form 
oi heart disease is regarded with so much apprehension as fatty degen- 
eration. More than any other, it carries with it the dangers of sudden 
death and the lability to angina pectoris.” 

Hirschfelder * also described the symptoms and signs of the heart 
in fatty degeneration. He says, “The most characteristic symptoms 
associated with the condition are those of general debility and feeble 
ness, more or less languor and somnolence, as a rule, without marked 
cardio-respiratory symptoms except shortness of breath on exertion. 
The pulse is usually small, rather collapsing and feeble, the blood 
pressure is below normal . .  ._ the pulse rate is increased.” 

We are told that the tone of the cardiac muscle is diminished, that 
patients with fatty degeneration of the heart are very sensitive to 
digitalis and are frequently injured by it. Sudden death from overdose 
of this drug or from acute cardiac overstrain is more common in 
patients with fatty degeneration of the heart than in almost any other 
condition, and, finally, that spontaneous rupture of the heart is relatively 
frequent here. 

In summary, however, Hirschfelder, frankly states that none of the 
symptoms is “either constant or characteristic” and the diagnosis may 
have to be made by inference only. As Krehl* says, there is no 
clinical sign for the diagnosis of fatty degeneration of the heart 

We believe that the clinical diagnosis of fatty degeneration should 
be based on etiologic grounds, e. g., in phosphorus poisoning, pernicious 
anemia, etc. Otherwise, to make this diagnosis during life is very 
uncertain. 


*From the Department of Laboratories, Bellevue Hospital, Douglas 
Symmers, M.D., Director. 

1. We distinguish here between fatty degeneration of the heart with which 
this paper deals solely and fatty infiltration in which fat is present beneath 
the epicardium, or penetrated between muscle bundles even as far as the 
endocardium 

2. Broadbent, W. H.: Heart Disease and Aneurysm of Aorta, 1906. p. 342 

3. Hirschfelder: Diseases of the Heart and Aorta, 1918, p. 312 

4. Krehl, L.: Ueber fettige Degeneration des Herzens, Deutsch. Arch. f 
klin. Med. 1:416, 1893. 
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te to state that nec Topsy findings must be, in great part, the 


which diagnoses rest. Undoubtedly, then, the frequency ot 
diagnosis of “fatty heart” is based on the same frequency 


this type of heart is found, postmortem. We are told by 


authorities that fatty degeneration of the heart is a common 


condition 


ology * is given as alcoholism, primary and secondary anemia, 


hemorrhages, associated with myocarditis, valvular and other 


ms, In most infectious diseases, in miners, smelters and 


workers, ete. 
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WASTI 
poisoning the most extreme degrees are seen. . . Lastly in the 
hypertrophied ventricular wall in chronic heart disease fatty change is 
by no means infrequent. . . . There appears to be a_ special 
proneness to fatty degeneration in the heart muscle which may, perhaps, 
connected with its incessant activity.” 

It is our contention that the diagnosis of fatty degeneration of the 
heart 1s made too frequently in the pathologic laboratory. Here the 
criterion of this condition is the presence of fat within the muscle cell. 
\dami says, “Fatty degeneration of the heart is a common condition 


‘haracterized by the presence of minute globules of fat in the muscle 





hbers which are deposited in small droplets, g ly in the line ot 
+] 


e longitudinal fibrillae of the cell.” Years ago, then, from the work 


'f Virchow,® Adami? and others, we have all been taught that visible 


in the cardiac muscle cell is pathologic, i. e., fatty degeneration 1 


present 
lo prove our stand that fatty degeneration of the heart is diagnosed 
1 often, we decided to examine a serie f pathologic hearts and to 


utilize normal human hearts as controls 


ows Arch. f. path. Anat. 1:9 
Pathology, Ed. 2 11:151 1910 
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he findings were similar to those in the diseased 
ldIny i! il I) ti I t ( 


} 1 1 


ents we stained one ot the hearts wit! 


vith formaldehyd, placed in Marchi’s fluid and 


nicrotome The results obtained were similar t 


harlach R. The table and microphotographs s|] 


gard to the scharlach R stain, we found small red 


zes in the sarcoplasm of the cardia muscle cells 


] } ] 


longitudinal and transverse rows, the longitudit 


rts were stained diffusely and uniformly, some 


between mvofibrillae The number of granules 





mmonly there were groups of cells which took t 


the immediate vicinity were cells which contained 
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les of the nucleus and is supposed to be an ind 
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muscle, was stained vellow. vellow brown 01 


harlach R \t first we found it a little difficult t 


nd the diffuse fat droy lets. but after some xperi 


the so-called pigment of brown atrophy, whicl 
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in practically every case, to differentiate between the coarser brownish 
bipolar granules and the smaller red fat droplets distributed diffusely 
throughout the cell and arranged in longitudinal and transverse rows. 
With osmic acid the bipolar pigment was stained light brown, whereas 
the fat granules were intensely black. 

Hofbauer " described visible fat in normal human fetal muscles in 
1905. Bell,’* in 1912, first showed that visible fat 1s normally present 


in the cardiac muscle of the common laboratory mammals. He also 


demonstrated that the quantity of visible fat is increased when fatty 
: foods are given and diminished when the animals are starved. Wegelin ' 
f found fat in the cardiac tissue of rats. He also examined the heart of 


an insane man who had jumped out of the window, and found fat in 
quantities, although the organs appeared to be normal at the necropsy. 
He expressed the belief that fat could be demonstrated microscopically 
in normal human heart muscle. Eyselein '* did not agree with this. 
| Bullard ** in 1912 stated that although scharlach R was not specific 
for neutral fat (scharlach R and sudan III stain neutral fats, fatty 
acids, soaps and lipoids with varying degrees of intensity), and, 
although he did not believe that all the colored droplets in mammalian 
cardiac muscle were neutral fat, yet he thought that most of them 
undoubtedly were. 
In a subsequent communication, Bullard*® showed that micro- 
scopically demonstrable fat is present in the normal cardiac tissue of 
rats, cats, dogs, hogs, oxen and sheep. More than 200 animals were 
investigated. The fat droplets in the sarcoplasm were arranged in rows 
between the muscle fibrillae and in transverse lines in segments on 
either side of the membrane of Krause. He also noted fatty fibers 


by side with nonfatty areas. However, in other cases all the cells 


; side 
showed a uniform diffuse mottled appearance. 
We do not wish to go into detail of the histology and chemistry 


of fats. Those interested can obtain in detail the reason for the con- 
clusion of Bullard. He gave decisive evidence for believing that visible 
' 11. Hofbauer, ] Die Physiologische Fettinfiltration des Fetalen Herzens, 

Anat. Anz. 27:426, 1905 

12. Bell, E. 7 The Interstitial Granules in Fatty Metamorphosis of 
Striated Muscle, J. Path. & Bacteriol. 17:147, 1912 

13. Wegelin, C Ueber alimentare Herzmuskelverfettung, Berl. klin 
Wehnschr. 50:2125, 2190, 1913 

14. Eyselein, K Untersuchung tiber den Fettgehalt der Herzmuskulatur, 
Virchows Arch. f. path. Anat. 278:30, 1914 

15. Bullard, H. H.: The Microscopical Demonstration of Fats in Tissue 
Sections, J]. M. Research 27:55, 1912 

16. Bullard, H. H.: On the Occurrence and Physiologic Significance of Fat 


1 the Muscle Fibers of the Normal Myocardium and Atrioventricular System 
Anat. 19:137, 1916 
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droplets of neutral fat occur in physiologic circumstances in the cardiac 


muscle fibers of mammals. Space prevents the repetition of these argu- 


ments and proof. 


He utilizes a 20 per cent. solution of liquor formaldehyd “ rendered isotonic 
with 0.75 gm. sodium chlorid per hundred cubic centimeters of liquid lis- 


sues are fixed for from one-half to five hours and then cut on the freezing 








nicrotome If this procedure is followed, the quantity of fat does not differ 
rom that obtained in fresh tissues. By means of Herxheimer’s alkaline alc 
holic solution of scharlach R, fat may often be demonstrated in larger amounts 
than by the simple alcoholic solution of dye This sti is a saturated solu 
tion of scharlach R in 70 per cent. alcohol to which 2 of sodium hydroxid 
ire added for every 100 c.c. of fluid. Precipitates must be avoided 

Within the last few years several articles” have appeared in the literature 
hat tend to prove that the pigment of brown atrophy is an endogenous melanin 
and that some of the red droplets in the cell brought out by the scharlach R 
ire of exogenous lipochrom«e But this lipochrome is stained a deep blue 
Nile blue stain, not red, as the fat granules are. Other writers, too, state that 


the pigment can be separated trom the tat 


Che presence of fat in the cells of normal human cardiac tissue 
Was a revelation not only to us but to others \n eminent pathologist 
was shown our scharlach R sections of normal hearts. Without know 
ing the history of the cases he stated that the hearts were pathologic, 
i. e., that they showed fatty degeneration. He was surprised to learn 
that the sections were from normal human hearts. 

It must be clear by this time that visible fat is a normal finding 
in human cardiac muscle. Similarly, it must also be evident that 
visible fat within the muscle cell does not signify fatty degeneration. 

Although we believe that fatty degeneration is quite rare in the 
hearts of those dying from cardiac disease, localized areas of fatty 
degeneration in the heart muscle are not so uncommot One of our 


twelve pathologic hearts depicted this finding 





Case 2 Coronary arter disease Patient aged 59; admitted to New York 
Hospital May 25, 1921; died June 7, 1921. Sixteen months before entering hos 
tal had severe attack of abdominal gas pains Recurrences of increasing 
y with dyspnea on exertion. Cough present June 3, 1921. Pulse became 
rregular Heart enlarged slight] nds distant. ( ill 1 the 
el t irdi eT ipl 1K view patient is ¢ ere 1 y 
irtery disease with thr s I ( r 10/7 { c il, W 
rmann negat n 
| re Ss exXa t the he t < tha v ( ged 
g 500 On the posterior s act the left ve ‘ ‘ Va 
¢ us Three to four millimete ene t ‘ t ev 
s vellow | er Coro! ies sl Ve ma ( t t t 
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INTRAPERICARDIAL RUPTURE OF AORTIC 
ANEURYSM IN A BOY SIXTEEN 
YEARS OF AGE* 


De WAYNE G. RICHEY 


PITTSBURGH 


\neurysm of the thoracic aorta in the young is not encountered 
frequently. After a rather detailed search, it has been possible to collect 
from the literature forty-one instances of aneurysm of the thoracic 
aorta in persons not more than 18 years of age. We could not find 
a record of an earlier case than that reported in 1834 by R. T. Smith,’ 
who described an aneurysm of the ascending aorta in a boy, aged 16. 
The aneurysm had ruptured into the pericardial sac while the lad was 
ascending a ladder. Since then sporadic case reports have appeared and 
tabulations of known cases have been made by Le Boutillier,? Bronson 
and Sutherland,* Heiman * and Calvin. 

\s the accompanying table will show, twenty-four of the forty-one 
recorded cases were in males. The ages ranged from 1.5 to 18 years. 
Less than half (nineteen) had been amplified by necropsy. Nineteen had 
involved the ascending limb of the aortic arch, two the ascending and 
transverse portions, two the transverse part alone and two the descend- 
ing limb. In the remaining cases it was stated that the aneurysm 
occurred along the arch. Fifteen had ruptured, at least eight of which 
had broken into the pericardial sac. 

In four, those of Roger,® Rie,’ F. J. Smith* and Madsen® no 
cause had been ascribed to the production of the aneurysm. It is worthy 
of note that nearly half of all the cases (twenty) were associated with 


mycosis, usually rheumatic fever, with or without an acute, sub 
*From the Department of Pathology, Mercy Hospital, Pittsburgh, and 


the Coroner's Service, Allegheny County, Pa. 
*Read before the American and Canadian Sections, International Associ- 
ation of Medical Museums, Washington, D. C., May, 1922. 
1. Smith, R. T.: Lancet 1:626, 1834. 
» Le Boutillier: Am. J. M. Sc. 125:778, 1903. 
3. Bronson and Sutherland: Brit. J. Child. Dis. 15:16, 1918 
4. Heiman: Arch. Pediat. 36:543, 1919 


5. Calvin, J. K Aneurysms of the Thoracic Aorta in Children, Am. J 
Dis. Child. 21:327 (April) 1921 
6. Roger: Bull. et mém. Soc. méd. d. hop. de Par., p. 499, 1863. 


7. Rie Wien med. Wehnschr. 39:556, 1889 
8. Smith, F. J.: Tr. Path. Soc. Lond. 48:53, 1897 
9. Madsen Med Rec., Bergen, 28 :530, 191¢ 














ee ee 


fad hatin 


a bacterial endocarditis, has been underestimated, as Feytaud '* and 
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acute or chronic bacterial endocarditis. These cases had been described 
by R. T. Smith,’ Moutard-Martin,'” Thibierge,"! Moore,’? Sanneé,’* A 
A. Smith,'* Bacelli,** Murdock and Welch,'* Le Boutillier,? Jordan, 
Feytaud,’* Roy,’® Klotz,*” Miguel *' and Calvin,® while Oppenheimer’s 
case showed atheromatous plaques in the media. It is equally note- 
worthy that only two cases—those of Willson and Marcy,** and 
Heiman,* presented irrefutable evidence of syphilis, despite the fact 
that virtually every author gave cognizance to syphilis as a probable 
etiologic factor. Trauma seemed to play a part in two instances 
( Pendin,?* MacKeen **) and two cases occurred in athletes during vio 
lent exercise ( Jones,*° Berry **). In four cases—those of Hutchinson,** 
Willett *° and Clarke—the aneurysm was due, apparently, to erosion of 
the aortic wall by a contiguous suppurating or tuberculous focus 

It has long been assumed by many that inasmuch as syphilis plays 
a leading role in the causation of aortic aneurysms in adults, it must 
necessarily follow that the Spirocheta pallida is the offender in similar 
lesions in the young. At the same time, the importance of lesions 
produced in the arterial tree during acute rheumatic fever, recurrent | 
rheumatic fever or chronic rheumatism, in the presence or absence of 
Klotz 2° have indicated. Moreover, we admit that the young are espe- 
cially susceptible to infection by the Streptococcus viridans group of 
organisms, but as our attention has been centered more particularly on 
the portals of entry, the endocarditides and arthritides, we have for 
gotten that the vascular tree is also prone to involvement by similar 
inflammatory processes, the end result of which is not infrequently 


aneurysm, with or without rupture. It is only natural, therefore, that 


10. Moutard-Martin: Bull. de la Soc. Anat., 1875, p. 775 

11. Thibierge: La France méd. 2:913, 1881 

12. Moore: Tr. Path. Soc. Lond. 34:71, 1882 

13. Sanné: Rev. mens. d. mal. de l’enf. 5:56, 1887. 

14. Smith, A. A.: Med. Rec. 44:349, 1893 

15. Bacelli: Semaine méd. 18:137, 1898. 

16. Murdock and Welch: Edinburgh Hosp. Rep. 6:84, 1900 

17. Jordan: Lancet 1:515, 1903 

18. Feytaud: Thése de Paris, 1906 
19. Roy: Bull. et mém. Soc. Anat. de Par. 28:198, 1908 

20. Klotz: J. Path. & Bacteriol. 18:259, 1913 

21. Miguel: Bull. gén. de Thérap. 9:393, 1919 

22. Oppenheimer: Virchows Arch. f. path. Anat. 181:382, 1905 
23. Willson and Marcy: Proc. Path. Soc. Phila. 16:63, 1914 
24. Pendin: St. Petersburg med. Wehnschr. 7:195, 1890 

25. MacKeen: Med. News 61:272, 1892 

26. Jones: After Crisp, Diseases of Blood Vessels, 1847, p 

27. Berry: Brit. M. J. 2:1745, 1898 

28. Hutchinson: Tr. Path. Soc. Lond. 5:104, 1854 


29. Willett: Tr. Path. Soc. Lond. 43:38, 1892 
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Four of the cases, as delineated by Smith and ‘Targett,°” Wasa 


PRIN, 


: jerna,”' Horder,** and Bronson and Sutherland,’ were associated wit! 
i a stenosis of the aorta in the vicinity of the ductus arteriosus he 
stenosis varied from a coarctation to narrowing of a lesser degree 
\rmitage’s ** case was attended by a congenital heart lesion Phere 
can be no doubt that a certain number of aortic aneurysms in the 
young occur proximally to a congenital stenosis of the aorta, where, 
; apparently, they depend on mechanical factors for their production, 


: just as spontaneous rupture of the aorta in the absence of distal constri: 
; tion can come to pass, as described by Osler ** in a boy aged 13 years 
In the case I report, there was no evidence of syphilis or mycosis 

No coaretation of the aorta could be found, but there was a uniform 
narrowing of the aortic arch just beyond the aneurysm of the ascending 


limb, which I regard as a hypoplasia associated with status thymic 





lymphaticus. As I have been unable to unearth a similar case in the 
4 literature, the findings are detailed herewith 
: 
REPORT oO} CASI 
\ boy, aged 16 years, died suddenly as a result of a hemopericat 
lium following the rupture of an auervsm of the ascending lim) of the aort 
{ " into the pericardial sac. Clinically, the case has virtuall tatus, a 
| the youth was found dead, coming to necropsy on my rvice as 
the coroner. It was known that, in the performance of his dut he had 
en ascending and descending a ladder At a later date it was learned fr 
: his parents that he had always been a healthy, active child, fond f pli il 
; terested in his school work. His birth had been uneventful irly in’ life 
i he mother ght tender t cl ved feet relaxati t I i 
j ngs and a ulty in articulati lue t gue-tie \lt y 
: laved ors frequently he ha ilways ee ale ‘ et ‘ 
: eath, he trac arn i fall while la v He id t ! 
{ irlet fever, tonsillitis, rheumatism, whooping cough or any of the disea 
childhood, Save measles The mother and tather had alwa ec! 
; Their blood vielded a negative Wasserman reacti re¢ C ; 
ing and well One other had died of scarlet fever 
} Report The body had a cream colored pallor e ski va 
: ft, lusterless and delicate in texture There was 1 ixillary hair 
j escutcheon was scant and tended to the female type Che super! i] ( 
| he chest and abdomen were distended The thymus was enlarg r ‘ 
; 60 em., but nothing but hyperplasia could be demonstrated in it 
: The mediastinal and mesenteric lymph nodes wet also hyperplasti it tl 
y wise healthy. There were 100 c.c. of clear, watery fluid in the abdominal 
{ itv. The liver and spleen gave evidence of chronic passive neestior \ll 
: the arteries were small and thn walled The ascitic fluid vielded negative 
; Wassermann reactor 
j () Smith and Tareett rr. Patl SO Lond. 48:53, 1897 
i 31. Wasajerna: Ztschr. f. klin. Med. 90:405, 1903 
3? Horder: St. Bartholomew’s Hosp. Rep. 43:57, 1908 
: 33. Armitage: Quoted by McGraw, Tr. Am. Surg. Assn. 27:532, 1909 
: 34. Osler: Osler’s Modern Med. 4: 467, 1908 
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Ther was 600 c.c. of recently clotted blood in the distended pericardial sac 
The heart weighed 245 em., being somewhat larger than the normal heart at 
this age, due to a moderate hypertrophy of the left ventricle. Otherwise the 
heart w normal [here was a saccular aneurysm of the ascending portior 


f§ the aorta which had caused a relative dilatation of the otherwise normal 
on the left lateral 





aortic valve The aneurysm was directed posteriorly, 
vall at a point 2.5 cm. above the level of the aortic valve, a linear slit, 1 cm. in 
ength, indicated the site of rupture, affording a point of egress for the blood 
into the pericardial sac Here the aneurysmal wall was especially thin. On 
the intimal aspect, two distinct lesions were noted. One (an old, healed rip of 
the intima) began above the right posterior cusp of the aortic valve and 
extended transversely on the posterior aortic wall for a distance of 5.5 cm. 
Due to the process of repair, the wall at this area was thickened Here, also, 


the overhanging, rounded edge indicated a beginning dissecting aneurysm 
which had spontaneously terminated and healed. The other lesion was a more 


recent one, consisting of a fresh rip in the intima and inner part of the media. 


This mmenced at the left angle of the old tear, extending downward and 





Fig. 1—External view of aneurysm (reconstructed). The site of intra- 


pericardial rupture is shown at A and the diminutive calibre of aorta at B 


backward to end 5 mm. above the left posterior cusp of the aortic valve. That 
this rent was also dissecting was shown by the fact that the sharp, thin, knife- 
like edges were undermined. It was apparent, too, that the tear in the intima 
had preceded the rupture externally as indicated by the presence of organizing 
thrombus between the split layers of the media. It was this rip which had 


ed to the intrapericardia! rupture, the hemopericardium and the sudden death. 


Above the aneurysm the aorta was of small calibre, 1.5 cm. in diameter, as 
compared to the normal diameter of 3.2 cm., as given by Vierordt and Schicler 
for young men between 15 and 25 and by Thoma™ between 19 and 21. The 


iameter of the entire aorta was about half the norm, there being no localized 


stenosis or coarctation [he aorta away from the aneurysm was thin walled 


(0.75 mn but otherwise healthy 
ly, there was a replacement fibrosis at the site of the old ruy 
ture, where considerable fragmentation of the muscle layer had occurred. Only 


a few scattered lymphocytes and plasma cells were seen As shown by vari 


35. Abbott: Osler’s Modern Med. 4:416, 1908. 
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stains, the elastic fibrils were few in number. The other portion of the aortic 
ll was thin and free fro lemonstrable inflammat l t N 
spir hetes could be den nstrated in the 1ortic wall < t ( the 
silver stains as described Varthin and Starry,” Haythort and Levaditi.” 
IT} was no evidence of tatty degenet atior The kidne vere ‘ 

strable inflammatory f¢ 


ommient Chere are two outstanding conditions in the specimen 


} 


ine, the uniform narrowing of the aortic lumen with a marked hypo 


plastic state of the aortic wall, associated, presumably, with the status 


thymicolymphaticus and the other that the lesions at the site of the 


aneurysmal dilatation indicate an old and new rip in the intima The 





Fig. 2 Internal view of aneurysn The character of the old, healed 


nal rip is shown at A.—A 


id rip evidently had been arrested and healed, while the new one 


ruptured into the pericardial cavity It is possible that the old tear 


curred six years ago as a result of the fall which fractured an arm and 


36. Warthin, A. S., and Starry, A. ¢ Second Improved Method for the 
Jemonstration of Spirochaeta Pallida in the Tissues, ]. A. M. A. 76:234 
22) 1921 

37. Haythorn, S. R \ Short Silver Impregnation Method for the Demor 
tration of Spirochaeta Pallida in Tiss J. A. M. A. 76:725 (March 12) 1921 


38. Levaditi, Mallory and Wright: Pathological Technique, 1908, p. 419 
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that the rupture occurred while the boy was climbing up and down the 
ladder (as in Smith’s? case) or while straining during the act of 
detecation 

Besides the absence of demonstrable infection, there are certain 
characteristics common to these aneurysms, as seen in persons under 20, 
which result from congenital malformations of the aorta. Naturally, 
they occur proximally to the point of narrowing, most frequently 
involving the ascending limb of the aortic arch. Almost invariably 
they are found on the convexity of the ascending arch, in that region 


which stands the brunt of the blood current. The aneurysm is fusiform 





7 





Fig. 3.—Internal view of aneurysm Ihe old rip is again seen at A \ 

and the new one, which led to the fatal rupture as indicated by the inserted 

atch stem, at B. At C can be seen the undermined edge of the healed rip, 
S ne the tendency of the lesion t dissect 





yr saccular, and not uncommonly there is a sharp, well defined rip in 





the intima and inner layers of the media with a beginning dissecting 


aneurysm, terminating in rupture into the pericardial sac, the rent in 





the adventitia rarely being directly opposite that in the intima. All of 


these properties are embodied in the specimen presented. From the 





description of their cases, it is altogether likely that the aneurysm 


recorded by Jones,** Berry 7* and MacNalty ** were dependent, in part, 


? 


ymphaticus. . 


e cardiovascular svstem is sometimes associated 


on arterial defects due to status 


| lypoplasia of tl 


with lymphatism, although the extensive investigations of Abbott, 


39. MacNalty: Proc. Roy. Soc. Med. Lond. 3:35, 1909 








RICHEY—RUPTURE OF AORTIC 


Ewing,*’ von Neusser,*! and Warthin ** indicate that it is not often 


sly 


* believes 


factor in the production of aortic aneurysm. Symmers 
that the increased elasticity of the aortic wall adequately compensates 
for the mural thinness, although he confirms Norris’ ** observation that 
rupture of cerebral vessels in the young are occasionally found in 
subjects with status lymphaticus. Only one reference to aneurysm 
‘4 


in a hypoplastic aorta was encountered. Lee Dickinson ™ described 


two such cases ina man and a woman, aged 29 and 36 years, respectivels 


i i 


Both, however, occurred in the abdominal aorta. Von Neusser and 


Libman * 


mention the possibility of rips occurring in the intima ot 
congenitally weak aortic arch, the latter thinker emphasizing the impor 
tance of moderate degrees of aortic stenosis in the productior 
neurysmal dilatation and cardiac hypertrophy. 

| agree with Klotz,’ unreservedly, that “the mechanical theor 
ineurysm which placed greater stress for the production of aneury 
on the effect of high blood pressure or, as others would have it, on the 
effect of velocity of currents, than on the disease in the wall of the 
artery had for a time enticed our attention into channels of thought and 
theory no longer tenable with the newer studies,” and, as has beet 
pointed out, no one will gainsay that the vast majority of 
neurysms do result after weakening of the wall by bacterial in 
tor “it 1s only a weakened vessel which can develop aneurysm.” 
has been demonstrated that purely mechanical aneurysms can be pri 
luced, usually, in a vessel inherently weak as a result of congenital 

lformation so that the vessel is unable to withstand a sudden, sever 
ibeit very transient, rise of blood pressure 

Summary \ccordingly, it is my impression from the e\ 
presented, that this aneurysm followed the old, intimal tear which later 
healed ; that this tear resulted from a sudden increase in arterial tension, 
forcing the blood through the narrowed aorta; that the hypoplasia, 
issociated with the status lvmphaticus, was a contributing cause 
the recent tear also occurred as a result of a sudden increase in 
pressure and that, a short time later, before the new rip 
opportunity to reinforce itself, another strain caused the 


rupture with the fatal hemopericardium. Cases very similar to f] 


have been detailed by Bronson and Sutherland,* Horder,** Smith 


wing, James Militar Aspect of Status Lymp 
(Nov. 9) 1918 
von Neusser: Augewahltes der klinischer Symptomatologi 
Wien, 1911, p. 197 
Warthin: Arch. Pediat. 26:617, 1909 
Symmers: Am. J. M. Sc. 156:40, 1918 
Dickinson: Tr. Path. Soc. Lond. 45:52, 1894 
Libman, E.: Personal communication 


Klotz: Am. J. M. Sc. 185:92, 1918. 
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240) 


as occurring in the young, and in her 


largett,*” and Wassajerna, 
cites twelve 


observations on congenital stenosis of the aorta, Abbott 
cases of rupture, seven occurring in the ascending limb and five at the 
site of stenosis, as well as nine cases of aneurysm of the arch, five of 
which were of the dissecting form. 

| feel that the case merits attention not merely 
the recognition of aortic 


because of its 


rarity but as a text to direct attention to 
aneurysms in the young as a potential cause of death, even in the 


absence of syphilis or other infections, notably rheumatic fever 





BLOOD SUGAR STANDARDS 
PART I. NORMAL AND DIABETI( 


HORACE GRAY 


The Problem.—Carbohydrate tolerance 


either glycosuria or glycemia. Testing the 


ilue for physicians who have small opportunity to take blood, as in 


insurance work, or to have the blood analyzed, owing to remoteness 


rom a laboratory. Blood sugar determinations, on the other hand, 


ive proved more illuminating, especially in diagnosis, and, therefore, 
in this paper will be considered with little regard for the urine 


wr the blood sugar threshold. 


findings 


Standards should be founded not only on careful examination of a 
few persons but also on statistical analysis of many persons. Series 
of more than ten normals seem to have been reported from only six 
clinics, and of these only two have been of satisfactory statistical 
size, namely, fifty-three described by Goto and Kuno? and fifty-eight 
by Cummings and Piness.? 

The opinions resulting from such limited evidence disagree notably. 
Even the same clinic, and that one of the foremost, has uttered such 
confusing statements as the following: “Experience by no means 
justifies the suspicion of diabetes in persons showing 


figures 
0.19 and 0.20 percent. . . . when the 


1 
sub- 


sequent samples are normal.” * And, on the other hand: “The plasma 


ugar after a mixed meal, 156 mg., showed the diabetic character.” * 
The apparent arbitrariness of some standards, accordingly, makes 
necessary, what the quantity of evidence now published makes possible, 
. critical review. The present performance of this, mainly by consoli- 
lating results from all kinds of sources, is admitted to be inherently 
defective. This fusion, nevertheless, affords a standard l 


1 more broadly 
based than any yet available. To supplant this tentative standard we 
need (1) a large series of normals more carefully chosen than has 
usually been the case; (2) agreement on the test substance and dose; 

1. Goto, K., and Kuno, N.: Studies on 
Int. Med. 27:224 (Feb.) 1921. 
2. Cummings, R., and Piness, G.: A Study 
f the Tolerance for Glucose in Diabet 
19:777 (May) 1917. 
3. Allen, F. M., and Mitchell, J. 
t. Med. 25:648 (June) 1920 
4. Sherrill, J. W.: A Case 


3) 1921. 








(3) a minimum fasting interval, or a uniform time after a fixed preced- 


ing meal; (4) consistent use of whole blood (or plasma); (5) a 
nstant chemical technic; (6) the same technician; (7) particular 
attention to psychic hyperglycemia by accepting with caution values 
obtained from inexperienced subjects or from the more painful punc- 


tures, such as the finger tips. 
Definitions —The term blood sugar curve is here applied to any 
glycemic reaction obtained in a tolerance test (i. e., inner tolerance, 


S*. 
irrespective of glycosuria or outer tolerance), whether there was record 
if only one record of the 


blood sugar figure, or whether there was 


usual four or five figures: fasting, half hour, one hour, two hours and 


ally accounts for the variation in the 


three hours. This usage incid 


number of totals in the five different columns in many of the tables. 


nt 
ent 


he average represents the arithmetic mean (J) of all the value 


f hour, etc.) for any group (e. g., 


at one period (e. g., fasting, half . 

of normal and diabetic patients, etc.) or combined groups. These 
averages are believed to represent, as nearly as warranted by the facts 
available, the composite or typical curves to be expected after any 
given load ; 


term acme or peak as used throughout this paper signifies the 


highest blood sugar in any given curvé 
ighest value in 


g 
) 


Che term maximum is used in this paper for the h 


any given group of curves (e. g., normal patients with 100 gm. glucose, 


diabetic suspects with 50 gm. starch, etc.). 


‘st substance (glucose. starch 
test tance { 21uc ce. tarcnh, 


e t 1 load covers jointly any t 


mixed meal) and any dosage (100 gm. carbohydrate, or 50 gm. carbo- 


hydrate—3 gm. protein—O gm. fat, etc.) 
The glycemic coefficient of Baudouin® has not been considered 
here, owing to the evidence given by Frank * and by Bergsma‘ showing 
the error of the claim that because the usual rise from 0.10 before to 
0.16 after a load is only a 60 per cent. increase it is safe to consider 
normal any 60 per cent. rise: for example, from 0.20 before to 0.32 
after the load. 
Vumber and Grouping of Curves—lIn the course of a rather careful 
ch of the literature, more than nine hundred curves have been 


collected. After exclusion of a considerable number, because of some 
unusual peculiarity of procedure, the remaining curves were sorted into 
the groups which are summarized in Table 1 and then discussed 
seriatim. 


5. Baudouin, A.: Etude sur quelques glycémies; la gl 
Thése, Paris, Dec. 24, 1908. 

6. Frank, E.: Ztschr. f. physiol. Chem. 70:291 (Jan. 30) 1911. 
7. Bergsma, E.: Ztschr. f. Geburtsh. u. Gynak. 72:105, 1912 


cémie expérimentale, 
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lings do not suit our preformed fancy we cannot agree wit! 


“We are unwilling to allow that Jacobsen’s figures be accepted 
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e al 
+ +} 


1e most valuable c 


standard for normals 
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ssibly also the nineteen subjects with 0.12 per cent. Although tl 


] it ippears 


nptory rejection in the following statement, though it 


yntributions to this subject. 


It is generally conceded that normal perso 
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, ae 
+ f | oe if id it 
not ve sugar in the urine after the ingestion of 1UU g g.ucose 
en when the glucose is taken into a fasting stomacl Undoubtedly 
‘ ’ , 7 } — 
t Jacobsen’s subjects had a somewhat lowered carbohydrate 
i. + Cle ween 11 as those obtained by Hopkins. support 
erance ur results, as well as those obtained Dy OpkIns, ippor 
tention.” * It te. that suspiciously high fasting valu re 
3 tention t is true, that suspiciously high fasting vaiues were 
ported lacobsen,® but the objection loses force when we notice the 
ir high values reported by others. Furthermore, if, in tact, it be 
ene conceded, etc.,”’ then general concession is an insecure argu- 
he tace of the observations trom Many sources ¢ npied T 
) H p Grams G n PER s { N 
N ber of Observations at Hour 
R Fasting % H H Hours Hours 
8 ‘ l 
~ 10 ‘ 
il’ t) 
¢ l4 l ] 4 
1 l 4 
- 14 ‘ 
18 14 
4 
= i 14 ’ ) 
‘ ‘ 0.10 0.10 8 
‘ " 4 ‘ 4 
: s I st Vv r s > t st ty! 
t+, Out of those 129 curves in normal persons after the ingestion 
100 gm. glucose accompanied by urine tests glycosuria was prese 
, , eee ’ | ee ae ae 
4) per cent., and would probably have been found In an even larg 
t n except that in malt cases tne urine was examined ny al ¢ 
he glycemic curve 
; Gm., in Nort ] ns.—The relative popularity ot 
1s s mav be judged from Table 3 The commonest was 10 
glucose, and this is, therefore, analyzed in detail in Table 4. It wa 
8. H nan, | Hirs a St s Bl Sugar, Ar 
20:761 (Nov 1917 
] \ I ts §6:471, 1913 
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nsidered permissible to include a certain number of curves with 
mewhat smaller doses, down to 70 gm., inasmuch as these curves 
ere, in general, fully as high as after the full dose of 100 gm. 
st interesting rows of figures are the composite means and the 
aximums and these are therefore also pictured in Chart 1. 
features are these: 


1. The average curve of this, the largest published series, 


is rather 


1 


wer than has usually been stated, the average peak being only 0.14 


er cent. 
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rs 





me 
? 
y 
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The large range of high values is conspicuous 
One may be skeptical of such figures as 0.26 and 0.28 per cent. 
finition of the import of values of 0.17 per cent. and over c: 
made only in the future when the after-history of these 
‘eptional subjects shall have been reported. 
3. The frequency of these values above the average is 
occur among the 300 one hour values in 13 per cent., and among 
158 half hour values in 20 
4. Of the three hour values 41 per cent. read 0.10 per cent. or 


er cent. 


7 


ore, in other words, more than the average preformed figures of the 


While this is at variance with the statement not infrequently 


























| gure, or even less, the tter tement true of a large number 
f curves when considered individually This secondary hypo- 
¢ is interesting though explanations of it seem to be still rather 
in tl main of theory, possibly hyperassimilation 
f J00 Gn Glu _% th Other dD f 4 ‘ 2 
é oth average and maximum values, with t ak in eacl 
Fi rve printed distinctively for emphasis he different doses 
é nged in ordet magnitude of the acme, and en two doses 
e each followed by the same acme, then that dose 1s put first whose 
irve wed the highest second value. The averages are also shown 
CI 2 and the maximums in Chart 3. Criticism « be made mort 
er showing the related tables 
( ( ( N of Pp ) \ VA 
Do G 
e | al ft ea urv empl isized It t tv] 
| S 
H H Hours Hours 
0.16 ( 
0.14 0.14 
( 0.14 
, 0.14 ‘ 
ST 0.12 
M 
0.2 
0:28 
0.20 0.1 la 
j 0.16 
] ‘ ; . ] . 
( peak with the sn st « e ot gi se is gre s e 
( ( for the rgest dose of glucose Table 5 nd Charts 2 
1 So it seems fairly reasonable say that curves eas 
! ¢ to individuals as owing to the s e dost Phe 
| an A at 6 , — 7 jak. 
¢ e same subject to irious doses Of giucose was studied Dy 
LD -} ] 4 | » ‘ aa 
Ta é Box Bergmark, Sakaguchi,*? Bailey,’® Strouse,’* Mac- 
Lean De Wesselow *® and Spencet As little 5 gm. glucose 
Vi \ MacLean to produce an apprecial le rise and th alt 
dose of ut 25 gm. was reached further increases did not increas« 
the rise but merely prolonged it 
) | p 7tsc . §8:106 (Oct. 2 19] 
l. Be k il f. Kinderh. 80:373, 1914 
2. Sal | K M 1. med. Fakult le List lokyo 
20:345 (Oct. 11) 1918 
13. Baile Cc. \ Am. J. M. Sc. 157:221 (F 1919 
14. Strouse Me ~ e Va t N nal | od Suga Ar t M 
26:751 De » 1920 
15. MacLe: H., and De Wes O. L. V.: Quart. J. M. 14:103 in 
1091 
1 ~~ re 7 ¢ Ouart. T. M. 14:314 (Tul 1921 
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th 


Sakaguchi made the point that the larger doses were characterized 
largely by the later acme. Staub* later published two interesting 
papers along the same line, but his doses of less than 25 gm. glucose 
caused so small a glycemic reaction that his procedure is not appealing, 
especially in view of the observation of Benedict, Osterberg and 
Neuwirth ** that more than 20 gm. glucose were necessary to get results. 

The normal range appears from Chart 2 to be surprisingly con- 
veniently schematic. For it is seen that any dose of glucose, from 25 
to 200 gm., produces blood sugars falling within a belt delimited by 
0.11 and 0.16 per cent. This normal range is easy to remember 
because general opinions agree, more nearly than on any other standards 
for blood sugars, on these two points: (1) 0.11 per cent. is the highest 
fasting value which may be called normal, and (2) 0.16 per cent. is 
the threshold above which glycosuria may be expected. In the words 
of MacLean and De Wesselow, “The hyperglycemia, resulting from 
the ingestion of carbohydrates, appears in the normal person to be 
limited to about this level—the threshold level for glycuresis—and 
cannot easily, if at all, be forced above it.” Hence, this range is empha- 
sized by two horizontal lines on each chart in this paper, in order to 
serve as a visual and actual basis of comparison rather than the base 
line, which here happens to be 0.03 per cent. 

The Maximum.—While values above 0.16 per cent. may fairly be 
termed “unusual,” to call them “abnormal” seems likely to be unneces- 
sarily alarming, since maximal Table 7 shows that any test load (except 
50 gm. starch, 25 gm. glucose or 75 gm. fat) may be followed by 
values of 0.17 or more. The frequency of such unusual values was 
about one in seven, more exactly, 14 per cent. of 452 curves for the 
seven loads not just excepted. This fact affords helpful confirmation 
of the importance above insisted on of the dotted doubtful zone in 
Chart 1. At the same time, to carry out this argument to the limit, we 
should have to diagnose as normal curves any whose acme was 0.28 
per cent. or less. This doctrine would generaily be considered rash, as 
overlooking often just the early cases we wish to detect. Hence, we 
may say, as others have before, that a single high value, however 
suspicious, requires further evidence. It would be interesting to hear 
from someone doing frequent glucose tolerance curves how low the 
reaction may be, and how frequent low reactions are in diabetics who 
clinically seem severe; and, conversely, how high the reaction may be 
in clinically mild but definite diabetes. These two paradoxes have 
been shown by Allen to exist in animals ; “The results of single doses of 


17. Staub, H.: Biochem Ztschr. 118:93 (June 27) 1921; Ztschr. f. klin. Med. 


91:44, 1921. 
18. Benedict, S. R.; Osterberg, E., and Neuwirth, I.: J. Biol. Chem. 34:232 


(April) 1918. 











are not 
tic animal to 
t quite diabetic.” 
Che time of the acme (average Table 6) was at 
han the hour (with the single exception of the 
ucose load). This supports those observers whe 
king the blood at 15 and 30 minutes after ea 
ns,*’ Sakaguchi. Indeed, the half hour 
second in importance only to the fasting figure, or if 


which is usually the fact precipitating a tolerance test 


important determination if only one can conveniently be made 


otherwise, for the purposes of any practitioner who meets difficulties 
securing blood samples and therefore wishes to take the smallest 
ossible number, the present study leads me to believe that venipuncture 


1] + 


the time of the patient’s first visit yields the smallest amount « 


TABLE 6.—Averace Curves In NorMAL PERSONS WITH 


ly, Hour 


0.16 
0.15 
0.15 
0.14 
0.14 
0.14 
0.14 
0.13 


formation possible to derive from the labor expended. Occasionally 
ne has absolutely no choice when the patient is on the wing through 
the city, but this is relatively rare. One does not hesitate to insist on 


second visit one hour after an Ewald test breakfast, although both 
xtraction and chemical analysis of gastric contents are vastly quicker 
nd cheaper than extraction and analysis of blood. Yet the one hour 
nterval is less significant and probably very much less significant tl 


ie time relation in interpreting the blood sugar percentage. | 


] 

re, the size and even the general nature of the preceding meal 
easily estimated, much less is it a standard test. If the test is wort! 
t all, surely it deserves as much precision as is accorded to the 
stomach test breakfast. Two values are far more than twice 
is one, and if the two selected be the fasting and half-hour, 
generally tell nearly as much as five values. In office practice, 
he patient should come before breakfast or just 

19. Allen, F. M.: J. Exper. M. 31:381, 402 (April) 1920 

20. Hopkins, A. H.: Am. J. M. Sc. 149:256 (Feb.) 1915 
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a so-called preformed blood sugar, eat a test meal and in half 


ive another blood sample taken. It is important to secure a 
f urine at the time of each puncture. The nature of the test 


rs less than its invariability. I confess to a preference for two 


wheat biscuits and three ounces of milk, i. e., carbohydrate 
tein 9 gm., fat 3 gm. This combination is about as purely 
te a meal as is edible, is accurate, cheap, easily kept ready 
iffice is in the home, and may claim the attention of physicians 
+ ae soe ee : 1 ee ee 
the administration of pure glucose to suspected diabeti 


lachau * advised 50 gm. white bread. This test load is 
the Ewald breakfast and therefore has struck me as oi 
| 


two directions when a patient nas gastri $| mpt ms. 


MaxIMAL VALUES IN NorMAL Persons witH Dirrerent Loaps 





Blood Sugar 





( t 6 Hour 1 Hour 2 Hours $ Hours 
s am s 1 0 0.28 0 0.17 
s ¢ 6 7 0 0.26 1 
, 19 ; 6 0.21 0.19 0.16 0 
s 8 0 


} ; , stl sly 1 ] + ] ait +} 
© ilal our With ony ou l Lie is an wit tne 
+ the h r ner ] 

al C mvoutl Criogd 
f the Minimum—Secondary or reactive ypogiycemia 


hyperglycemia is seen in average Table 6, for the three hour 


lloy from 20 to 25 gm. 
§ 
rhe former is a large group and the finding, therefore, 1s 


imese subnormai ieveis consequent on the rise have bee 


Liefmann and Stern,?? Boénniger,** Lépine,** Reicher and 
rank, Bang,** Bergmark, Sakaguchi, Kasai and Kinyosai,’ 
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Hahn and Oftenbacher,** Grunthal,*® Goetzky,°® MacLean 
Wesselow, Folin and Berglund. Just why the phenomenon 


een elsewhere in the table is not clear. Its significance has not been 


proven, but the usual and the most plausible explanation so far offered 


is that it is due to hyperassimilation once the functioning of the liver 


(?) has become well started. 
The time of the minimum 

5 minutes up to three hour 

is topic together with the 
definitely apparent in the writings 
Lean and De Wesselow, 
standard load should be 
sugar to return to the pref 


observation. We might, ’ 

test loads all those which are followed 
value averaging 0.11 or more. Application « 
Table 6 would indicate the probable undesirabilit 
50 or more gm. cane sugar, 70 or more gm. starcl 
and mixed meals, unless definitely restricted. In ad 
latest blood to be drawn is two hours p. c., one 
her loads except 50 gm 


is solution is too simple to | 


Choice of Test Substance and Dose.—Fat 1 seless, as it produces 
no glycemic reaction—witness row 10 in average h abso- 
confirms the individual cases of Jacobsen and « r Protein 
y effect a rise if the subject has a low carbohyd 
ay effect no reaction if the tolerance be normal ; 
arying results of Jacobsen, Rolly and Oppermann, 
Stein and Wisely,** Allen,®* Sakaguchi, Mosenthal, ‘ 
Jacobsen and Edwards,** MacLean and De Wesselow 
The difference in results probably is due 
tendency: the more abnormal the 


28. Hahn 
Nov. 20) 1919 
29. Griinthal, P.: 
haftsglykosurien, Inaug 
Goetzky, F.: Ztschr 
Folin, O., and Berglun 
Rolly, F., and Opperman: 
Welz, A Arch. f. ¢ XI 
34. Strouse, S.; Stein, I. 
26:2 (June) 1915. 
35. Allen, F. M.: Am. J. M. Sc. 153:313 (March) 1917 
36. Mosenthal, H ; Clausen, S. W., and Hiller, A ry 
on Blood Sugar in Diabetes Mellitus, Arch. Int. Med. 21:93 
37. Jacobsen, A. T. B., and Edwards, H.: Am. J. M. Sc. 159: 


8. Cammidge, P. J.: Brit. M. J. 2:586 (Oct. 15) 1921. 








LPS - 


ah Bie ae 











Selle of ae 


7 
Bs 


252 ARCHIVES OF INTERNAL MEDICINE 


reaction after protein. One notices incidentally that many, if not all, 
of the students of the effect of protein have included some fat, if only 
the portion usual in lean meat. Practically fat free protein, like egg 
white, cod or haddock, might exert a greater glycemic effect. As to 
carbohydrates, the differences in effect appear too small to determine 
Regarding the dosage, however, we may read 


any special preference. 
For there the twenty curves with 


more out of maximum Table 7. 
50 gm. starch or from 20 to 25 gm. glucose show a common char- 
acteristic: the blood sugar in no instance exceeded 0.16 per cent. As 
this figure, perhaps, has received as much proof as any of being the 
upper usual limit of sugar freedom, one may revise Naunyn * slightly 
by saying that hyperglycemia or glycosuria e amylo—provided the dose 
of starch be from 40 to 60 gm.—indicates a carbohydrate weakness 
more delicately than the massive loads of glucose so generally used; 
and, simultaneously, one may urge that the 50 gm. starch load has 
advantage of conservatism and, hence, wider applicability. For although 
several authorities on diabetes have stated that they have never seen 
harm from 100 gm. loads of glucose, danger to a subnormal pancreas 
may be feared by analogy with the studies on experimental diabetes 
in animals reported by Thiroloix and Jacob,* Allen,** and Jensen and 
Carlson.** For these reasons Joslin and others have always been chary 
of using glucose tests. 

Pure glucose must be granted to be preferable scientifically. For 
even if starch be as rapidly digested, Folin and Berglund have demon- 
strated that polysaccharids may pass into the blood stream and out again 
through the kidneys intact and, therefore, very possibly unutilized. 
Really small doses of glucose, down to even 10 gm. were suggested by 
Hamman and Hirschman who wrote: “The general features of the 
diabetic blood sugar curve are faithfully reproduced by patients receiv- 
ing, on account of the severity of their disease, smaller amounts of 
glucose. Apparently the duration of the reaction is a more important 
index of the severity than is the height.” Salomon * disapproved the 
routine administration of even 50 gm. glucose, though he thought it 
safe in cases with continuous low glycosuria; only after this dose had 
failed to cause a rise in blood sugar did he think it wise to use 100 
em. Staub later noticed in the literature that with smaller doses the 
duration of the hyperglycemia was shortened, and from this he antici- 


39. Naunyn, B.: Deutsch. Klin. 3:1 1902; also Gesammelte Abhandlungen, 
Wiirzburg 2:1039, 1909. 

40. Thiroloix, J.. and Jacob: Compt. rend. Acad. d. sc., Par. 154:377, 1912. 

41. Allen, F. M.: Glycosuria and Diabetes, Harvard University Press, 
Cambridge, 1913. 

42. Jensen, V. W., and Carlson, A. J.: Am. J. Physiol. 51:423 (April) 1920. 

43. Salomon, H.: Miinchen. med. Wehnschr. 68:386 (April 1) 1921. 











ited, and found, that with the smaller doses the whole course of the 
reaction might be compressed into a proportionately shorter time pe 


thus rendering this functional test simple: 


The number of curves collected on diabetics without known hyper 


tension, nephritis, hepatic or endocrine disease totalled 131. The condi 
ns mentioned are examined separately below, and confirm the findings 
of prior observers that diabetes cannot be diagnosed ym curves in 


he presence of these other conditions, which independently may caus¢ 


marked alimentary hyperglycemia. 


glucose, when blood 








sugar (F) was 0.11 per cent. or ss 4 
n. glucose, when blood sugar (F) was 0.12 per cent. or more 
. glucose, when blood sugar (I was ll per cent. or } 
> gm. glucose, when blood sugar (F) was per cent. or more 4 ; 
1 SM. GAPE cecccses os ' 
5 gm. starch cs : 
Mixed meal conta it ist 40 g carbe ate « > gm./k., when blood sugar was i 
0.11 or less . ar ° 

3 Mixed meal containing at least 40 g1 carbohydrate or 0.5 gm./k., whe blood sugar was ' 
0.12 or more ......... ° oOnteoesncecsene stoceves 6 ; 
° - ° : 
a ’ 


ABLE 9.—One Hunpbrep Grams GLucose IN Forty Diasetic PATieENts WH / 
A Bioop SuGAR Fastinc Was NorMAL, ToGETHER WITH Compo 








- " * y : 
CURVES KEPRODUCED FROM NORMAL TABLE 4 
- 

' I | “7 . 
2 
ay 
: Fasting » Hour 1 Hour H s I 
/ Mean...... 0.09 0.18 0.20 

Minimum 0. 0.12 3 0.08 ' 
j Maximum ll U.27 0.40 V0.A 0.14 
: Normal 
' Mean....... 0.09 14 ( 
: Maximum ‘ j : 0.28 
7 = 
H 
for purposes of study, the curves have been sorted according to 


/ he several test loads and also in some cases further separated according 
j to whether the blood sugar fasting was normal, 0.11 per cent, or less 
r elevated, 0.12 per cent. or more. The number in the seve: 


; may be surveyed in Table 8, after which each group will be exhibited 


§ y a tabular summary with discussion compressed into a legend 
It is in these diabetics with normal preformed blood sugars 


lable 9) that curves are of particular interest. The hi 
igar found after 100 gm. glucose in any diabetic whose fasting blood 


sugar was 0.11 per cent. or less was the extraordinary value of 0.50 


ne os Soa an 


per cent. (at the end of one and one-half hours as reported by Rohden- 


burg, Bernhard and Krehbiel ; ** here included in the two hour period) 
44. Rohdenburg. G. I B hard, A " kK el, O \ . = os 
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rt 4—Diabetic patients with normal 


id minimum after 100 gm. glucose. Dotted ; 








end of three hours. Hence, it is conspicuous tl 1 normal 
g suga oO means ¢ udes the presence of diabetes, and that 
+] wee is liabetic may — 
; e entire curve in a diabetic may be normal. 
Chart 4 proves picturesquely the folly of reassuring any patient o1 
t eround of a normal fasting blood sugar. 


TABLE 15—Mrxep Meats ContTarininc at Least 40 Gm. Capon 
\nout 0.5 Gam. Per Kitocram or Bopy WeIGHT, IN SEVENTEEN DIABET 


PATIENTS Wuose Bioop Sucar (F) Was 0.11 Per Cent. or Less 


I S 1 
He 1 Ho H s H < 
M 0.09 0.12 l 
M 0.08 r 0 
M I ( 0.14 0 0.1 


i d TABLE 16.—Mrxep Meats ContTarIninG aT Least 40 Gm. CARBOHYDRATE | 
0.5 Gm. Per Kitvocram or Bopy WEIGHT, IN Six DraAsetic PATIENTS 
Whuose Bioop Sucar (F) Was 0.12 Per Cent. or Mort 


his tat s ab tw t ght ve bee f cast 
ABLE 17.—From 33 To 100 Gm. GLucose IN Seven DIAB Pa 
WITH EssENTIAL (?) HyPEeRTENSI¢ 


Mir I 1 0.19 0.24 
Maximut { 0.29 ( 0.4 





SUMMARY 
ndard fF hI ] ee A ae eee ree nee . 
. Standards ot blood sugar response to carbohydrate intake are pre- 


sented on the basis of more than 900 curves and 4,000 individual 











} determinations. 
H he f ng value in 431 apparently healthy persons averaged 0.09 
( ent however, of 0.12 to 0.16, were reached 
many of these normals, thus leading to the 
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; 
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rnatives: clinical judgment of normal metabolism is untrustworthy, 

a considerable number of normals exhibit suspiciously large fast- 

figures. 

lhe statement that normal persons do not have sugar in the urine 

r eating 100 gm. glucose is disputed on the ground of evidence 

collected that in 129 curves glycosuria was noted in 40 per cent. 
[his astounding discovery would be even more extraordinary—and 
reassuring in prognosis—if the urine had been examined at the time 

each blood letting instead of only once as was so often the case, 
examined in all the 300 curves instead of only 129, and if the after 
histories of these subjects were known ten years later 

The normal postprandial curve averaged 0.14 (one-half hour), 0.12 

ne hour), 0.11 (two hours), and 0.09 per cent. (three hours). The 

verage acme of 0.14 per cent. was lower than the value usually postu- 
lated as the upper limit of normality, namely, 0.16 per cent. 

A normal zone for the glycemic reaction stands out graphically: 
from 0.11 to 0.16 per cent. no matter whether the dose of dextrose 
varied from 20 to 200 gm. Loads of less than the usual 100 gm. 
stimulate adequate reactions, and have the presumptive advantage of 
voiding the damage which is both possible theoretically and, in fact, 
suggested by the annual glucose tests reported by Ohler.‘ 


A suspicious zone of high normal reactions appears wider than 
we 


" 
alues from 0.17 up to 0.28 per cent. 


currently visualized. For 


occurred frequently, namely, in 17 per cent. of the analyses after 100 
gm. glucose. 

In diabetes concern is primarily aroused when the fasting blood 
ugar is 0.11 per cent. or less, for when that level is exceeded, a curve 
is superflous and possibly an insult to an injured function. 

Let us not forget the warnings indicated by the work of Kawachi,*® 

Martius,** of Allen,’® and of Ohler.*® Kawachi said that the sur- 
prisingly great frequency of more or less enduring functional damage 

a single overstrain of the sugar utilizing power has been overlooked 

failure to continue regular tests for a time after the first dis- 
ppearance of the glycosuria. Out of the forty persons without 
metabolic disease reproduced by Martius, the glycosuria after from 
25 to 200 gm. glucose lasted in 40 per cent. ten days, or longer, even 
twenty-nine, thirty and thirty-two days. 

Allen’s statement is: “In the early stage, glucose is more powerful 


han starch in producing diabetes, and animals which are progressing 


5. Ohler, W. R.: M. Clinics N. America 5:1465 (March) 1922 

46. Kawachi, S.: Beitrag zur Kenntnis von der alimentaren Glykosurie e 
saccharo, Inaug.-Diss., Rostock, 1902. 

47. Martius, F.: Konstitution und Vererbung, Berlin, » i Ee. 
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toward complete recovery on starch diet can be sent into hopeless 
diabetes by admixture of glucose.” 
Ohler has reported several cases in which glucose tolerance tests 


were done three times at intervals of about one year. In Case 4 


(M. C.) the progressive fall of tolerance may, indeed, be due to her 


her hand, it may also be ascribable to damage 


free diet, but, on the other 
by the glucose load. 

In cases with normal fasting blood sugars appalling postprandiai 
peaks are seen, even 50 cg. per 100 c.c., thus manifesting the imprudence 
of denying diabetes because the fasting figure is eleven or less. For 
treatment such finding is encouraging, since we want to know the 
best blood sugar attainable. For diagnosis, on the other hand, we wish 
rst blood sugar of the twenty-four hours, and accordingly should 


the w f 
secure the blood half an hour after the test load 
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INTRACUTANEOUS REACTIONS IN LOBAR PNEU- 
MONIA TO PNEUMOTOXIN * 
(A REPLY TO DR. GEORGE H. 
CHARLES WEISS, Px.D., ann JOHN A. KOLMER, M.D 


PHILADELPHIA 


In a recent communication Bigelow! reviews our work on a “Skin 
ab 
Reaction to Pneumotoxin,”* and criticizes the theory we suggested as 


to the probable function of pneumotoxin in the pathology of lobar 
7 


pneumonia*® in the following words: “The authors’ theory of early 


+ 


sensitization against their pneumotoxin is certainly open to question 
when we consider the absence of any sensitization necessary in the case 
of the positive Schick reaction, and also the lack of specificity in the 
toxic radicle as shown by Vaughan’s work.” 

It is not the object of this communication to enter into polemics 
relating to theoretic interpretations of our findings. Such attempts may 
be more productive after our present plan of elaborating and extending 
the work has been carried out successfully. We merely wish to call 
attention to certain fundamental errors of technic which Bigelow com- 
mitted, which, in our mind, may explain his failure to corroborate our 
observations. 

Bigelow studied intracutaneous reactions in pneumonia patients, 
using a preparation of “pneumotoxin” in addition to a number of other 
pneumococcus antigens and vaccines. He states that “no reactions 

ymparable to those reported by Weiss and Kolmer with their ‘pneu- 
motoxin’ were obtained with a similar preparation, nor was there any 
specific absence of reactions as might be expected from an analogy to 
the Schick test.” 

It is important to read carefully the technic used by Bigelow in 
preparing his “pneumotoxin.” To quote his own words: 

The cultures used were from eighteen to twenty-four hour old growths in 
100 c.c. of a 1 per cent. glucose beef infusion broth, neutral to phenolphthalein, 

hich was found to correspond to a hydrogen-ion concentration of from 
8.0 to 82. . . . The growth was centrifuged, and the sediment was washed 
twice with sterile salt solution, centrifuging after each washing. . The 
impules were kept on ice until used. No antigen was used more than a week 
ifter being put on ice. . . . Antigen 8—After the second washing with 


*From the Dermatological Research Institute. 

1. Bigelow, A. H.: Intracutaneous Reactions in Lobar Pneumonia, Arch. 
Int. Med. 29:221 (Feb.) 1922 

2. Weiss, C., and Kolmer, J. A.: A Skin Reaction to Pneumotoxin, 

Immunol. 3:395, 1918. 

3. Weiss, C.: The Properties of Pneumotoxin and Its Probable Function in 

Pathology of Lobar Pneumonia, J. M. Research 39:103, 1918 
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saline solution, the sediment was taken up in 10 c.c. of a 10 per cent. bile 
solution (Bacto-oxgall was used) and incubated for one hour. Attempts were 
ide to obtain suitable animal mem brane for separation of the bile salts 
from the dissolved pneumococcus substances by dialysis, but it was found more 
feasible to obtain the separation by precipitation of the proteins with four 
lumes of absolute alcohol. This was thoroughly shaken, centrifuged, and 


sediment again mixed with absoiute alcohol. After recentrifuging, the 





sediment was dried overnight in partial vacuum over sulphuric acid. The 

idue was weighed, ground with sufficient sodium chlorid to make the final 
ion physiologic, and taken up by adding distilled water drop by drop while 
ing until 0.1 c.c. contained 459 mg. dried sediment. (Later injections up 
to 49 mg. were used.) This was heated to 56 C. for one hour. For this antigen, 








all the strains of each type were pooled. 

Antigen 10.—The most important difference between this and the foregoing 
antigens is that it was at no time raised above 37.5C. . . . After the second 
washing with salt solution, the sediment was divided into known amounts and 
kept on ice. The day of the tests, sufficient of sterile solution of 2 per cent. 
bile plus 0.25 per cent. tricresol was added to make 0.1 c.c. contain the equiva- 
ent of one twentieth of the growth of pneumococci on 60 c.c. of broth. An 
incubated solution of 2 per cent. bile plus tricresol was used as control. 
; Antigen 10 differed from all the others in that it was never raised above 
5 C., while the others were all held at 56 C. for one hour. ‘In the bile solu- 

whatever endotoxins the pneumococci contains should be liberated. 


It was clearly emprasized by Cole* and by Weiss and Kolmer 
that the production of pneumococcus endotoxin in vitro is a matter of 
the greatest difficulty and requires the strictest attention to details. 
The following essentials for success have been entirely overlooked 
by Bigelow : 

1. Glucose is not desirable in mediums used for preparation of 
pneumotoxin, for it inhibits its production. 

2. Pneumetoxin is extremely labile, and loses its potency on standing 
in the ice chest for two or three days. 

3. Pneumotoxin is a true protein and is, therefore, precipitated from 
solution by the addition of alcohol. Bigelow added absolute alcohol 


to precipitate the bile salts, and thus incidentally precipitated the 
pne umotoxin. 
1 to autolysis in the ice chest 


1 the endotoxin on the addition of bile. Bigelow stored his 


4. Pneumococci that have been subjectec 


emulsion in the ice chest and “the day of the tests, added solution of 
2 per cent. bile plus 0.25 per cent. tricresol.” 

5. The choice of a bile salt and even of the brand of sodium choleate 
used is important. Bigelow used “Bacto-oxgall,” which does not yield 


satisfactory results. 

6. As Cole pointed out, the px of the pneumococcus emulsion must 
> coemedied they means of 0 heefies eveteen tn factente the Whereiies af 
e regarded Dy means OI a ultet! ystem to facilitate the liberation o! 
pneumotoxin. Bigelow over ed this 

4. Cole I S : the Pne cus, J. Exper. M 
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was using an autolyzed vaccine. This is, furthermore, d 


the erythema faded, leaving no pigmentation or scaling in any case. 


ity of his preparation by intra us 
i-pigs, nor its hemolytic action upon erythrocytes, 
it in a position to know whether or not he was 


lular toxins of the pneumococcus 


It is extremely doubtful whether Bigelow was working with the 
ndocellular hemotoxin of the pneumococcus. We rather think he 
lemonstr: 

his findings. To quote him again: 

Special reference must be to the reactions obtain 

which the thermolabile toxic substances from the pneumococcus 
estroyved. When used in the strength recommended by Weiss : 

1 in weaker dilutions, severe local reactions were elicited, showing papules 
ecoming pustular with wide zones of erythema and induration up to 12:14 cm 
in their longest dimension. This was at its height in about thirty hours, when 
i The 
ustule persisted for weeks. This reaction was well marked in both ] 

1 pneumonia cases, the most severe being in a normal control. The 
njection of bile and tricresol showed only a small local papule, but 
the violent erythematous and edematous reaction. 


t 


It is necessary to refer to our original report? to appreciate the 


} 


fferences in the technic and hence in the results obtained in Dr. 
Bigelow’s work and in our own. 


The technic of preparation and the properties of pneumotoxin have 
lly described by us in previous communications.” * Briefly stated, the hemo- 
tic endotoxin of the pneumococcus was produced as follows: from 1,000 to 
1,500 c.c. of an eighteen hour broth culture of virulent type I pneumococci 
Rockefeller Institute) were centrifugalized for one hour in a powerful electric 
entrifuge at very high speed. The bacterial sediment was washed once 
otonic salt solution, taken up in 5 c.c. of saline : issolved in fa 
per cent. solution of sodium choleate. The total volume was made up t 
or 40 c.c.; the solution was again centrifugalized, to remove any undis 
pneumococci, and tricresol was added up to 0.25 per cent. concentration. 


in 


mtrol fluid,” containing no toxin, was made similarly. The pre 
1 in the refrigerator and they were never used 1 ol 


n 


to twenty-four hours, since the toxin deteriorates 
were perfectly homogeneous and slightly oj 
of lardization has been described « 


it impracticable to determine both the minin 


foune 
hemolytic dose of each lot of pneumotoxin, ar 
testing only three of the five employed. T! 
100 


ested after the total volume had been made up to 

c.c. for a guinea-pig weighing from 250 to 300 gem., 
lytic dose was from 0.2 to 0.4 c.c. when titrated in 

pension of wasl ruinea-pig erythrocytes. The dos« 

ts (0.1 cc.) rep ! herefore about one twentieth the 
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lec Pf ions in ruine: rT as tollows 


from 250 to gm given intravenous i 
F four to six weeks later, the intra 
1, the dose of toxin being 


anaphylactic experiments ti 


between autolyzed pneum 








rR ere re 


- OS a 


oo eRe ee 





266 {RCHIVES OF INTERNAL MEDICINE 


freshly prepared pneumotoxin. We observed, “Guinea-pigs sensitized 
by intravenous injection of sublethal doses of pneumotoxin regularly 
show hypersensitiveness to the toxin, but only occasionally to the pro- 
tein of the cell substance of the pneumococcus.” 

“Normal guinea-pigs, or those sensitized with unrelated proteins, 
such as egg albumin, serum, leukocytes, blood fibrin or lung exudate of 
normal dogs, or with normal human serum or with the reagents (sodium 
choleate, etc.) used in preparing the pneumotoxin, do not react to the 
intracutaneous injection of pneumotoxin. 

“The animals reacting to the pneumotoxin showed a definite zone 
of edema and erythema around the point of injection. This tissue was 
excised and histologic sections were made. The findings are as follows: 
There is no change in the epidermis ; immediately below it and including 
all of the submucosa to the first bands of muscle, there is an extensive 
edema and acute congestion and extravasation of erythrocytes. The 
latter are well preserved and widely distributed in the edematous area. 
Through this area are also to be found numerous lymphocytes and 
plasma cells with occasional polymorphonuclear leukocytes. The muscle 
shows no involvement. The predominating change is the hemorrhagic 
edema in the submucosa. This picture is similar to the skin lesion pro- 
duced by diphtheria toxin. 

“Contrasted with this is the pustular and nodular appearance of the 
area in guinea-pigs reacting to the “pneumococcus protein” skin test. 
Sections of these lesions show in some cases the epidermis intact, as 
likewise the submucosa subjacent and surrounding the hair follicles; 
others show marked destruction of the epidermis and adjacent sub- 
mucosa through suppurative processes. In the deeper portions of the 
submucosa and the involved uppermost bundle of muscle, marked 
changes are present characterized by acute hyperemia and dense collec- 
tions of polymorphonuclear leukocytes. There is present a slight degree 
of edema and an occasional area of slight hemorrhagic extravasation. 
The predominating changes are the suppuration of the submucosa and 
muscle.” 

There is thus a histologic distinction between cutaneous reactions 
to pneumococcus protein and to pneumotoxin. We conclude that skin 
reaction to pneumotoxin is a manifestation of a hypersensitiveness to a 


specific toxic protein which has been introduced parenterally into the 
tissues of the body. We shall refer later to this phase of the work. 

The desirability of discovering a method of studying the immunity 
to and the mechanism of recovery from pneumonia led us to apply the 
pneumotoxin skin test to patients suffering from lobar pneumonia in 
the various hospitals of Philadelphia during the winter of 1917-1918. 
All the precautions mentioned in connection with the laboratory studies 











were observed. Many control patients, n 
patients suffering from various chronic and acut 
- origin, were tested. The results of 


f non-pneumococci 
pecause 


on children are of particular interest 
prone to be sensitized to various fore 
disease generally runs a more definite course 
oholism, tuberculosis, etc. 

The appearance*® of the skin rea 

respects similar to that described for 

Two or three cases tested just prior to cri 
positive reaction marked by vesiculation of the 
he usual defi 


xin. 
surface layer of 


epithelium. Other positive cases showed t 
bed area of edema and erythema persisting for three 


und then gradually fading, leaving a definitely circums 
After injection of the various control 


rl line 
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irea of brownish pigmentation. 
fluids in cases of lobar pneumonia (all were used excepting the vaccine), 
and of pneumotoxin in control cases, the skin remained normal or 
the point of injection. Occasionally (in 
‘ntire arm present 


resented a slight scratch at 
me or two cases of streptococcus infection) the et 


diffuse erythema without a definite area of edema. Such cond 


never persisted longer than forty-eight hours and were co 


ido-anaphylactic reactions. 


Summarizing the results of the pneumotoxin skin 
that a specific reaction 


; 
ic 


dult cases of lobar pneumonia, we may say 
elicited as early as the fifth and as late as the thirteenth day 
disease (two days before and six days after crisis, respectively 
hildren it was demonstrable about the 
immediately or one or two days after the crisis. 
by lysis reacted as late as the thirty-second day. In s 

itive in all active cases, that is, throughout the toxemia 


irlier than the fifth day were not available. Control patients 
with bronchopneumonia or acute or chronic infections not 
mococcic origin, as well as healthy adults and children, 
Attention is again directed to the definite distinction | 
reaction to pneumotoxin and the allergic skin reactions to pneumococcus 
the work of Clough, Weil, 


1 " 7 , 


As was pointed out in reviewing 
rally negative during 


protein. 
Steinfield and Kolmer, 


the latter reaction is gene ’ 
he course of the disease and occasionally positive after 


subsidence. 


reverse is generally true in the case of the toxin test. 
The mechanism of the pneumotoxin skin reacti 
Tentatively we regard the reaction as in 
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\s we have suggested elsewhere, sensitiza 


pneumococci localized in the lung alveoli) at the 
prolonged chilling of the body due to exposure. Viewed 


to elicit the reaction in any onvalescing patient 
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it of a temporary immunity or the disappear- 
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msiderably flattened in the anteroposterior direction. Reference to 


igures 1 and 2 shows that in addition the position of point C or the 


pe of the posterolateral surface of the left ventricle must be taken 
o account. 


NICAL AND ANATOMIC OBSERVATIONS ON rill RELATIONSH 
Of INDEX, ANGLE, AND CARDIO-THORACI( RATI 


* called attention to the relationship existing normally 


| 4 


Roger Lee 


etween the heart, chest, and age. Saul Danzer ° expressed this rela 


tionship in the form of a ratio in which, normally, the total transverse 


iameter of the heart is equal to or less than one-half of the widest 


1 


internal diameter of the chest In other words, normally the cardi 


( 


racic ratio equals 0.5 or less 


Ince Ant.-1 | 
Height Trans I x Cardio of Diameter Shap 
I verse tudinal, Thoracic Dept Chest of 
(use Age Weight Inches Cr Cn Ratio Mr Angle* Cm.+ Heart 
M.S 1 fis 68 12.9 1 0.50 14 0 
R . 140 i 11 l 0.44 4 , \ 
E. W ’ LD 14.8 6 0.48 16 x H 
I Ww. ¢ 4 1&5 13.9 4 04 { \ 
Ww \ 4> oy l 14.4 4 ‘ v 
} W { 140 1 4 l ; » 
r.M.S 1™ ‘ i 0.4 s \ i 
re i We { ”) 4 4 ‘ ) 
M 4 F l rl 0.50 t H 
M ( ” tu 1.4 0.4 ! H ; 
M D , ‘ ) , 04 \ } 
Miss W ; ( ’ is s \ 
Miss } l t i 0.49 
\ ti 11 O4 i \ 
Miss P ‘ ‘ é is ‘ H 
W.M + 14 4 i 
Mr. M. N . Pr ' » 48 
Miss H ” j 0.49 
Miss H i \ 
In a gle cre = ‘ t ey V = : 
laken at level of tenth dorsal vertebra 
) oblique, \ vertic H orizonta 
It will be observed in Figure 4 that normally when the cardio 
racic ratio does not exceed 0.5, the index does not exceed 16 mm.. 
but the angle does exceed 40 degrees which was taken as the upper 
rmal limit by Bordet and Vaquez lo be sure, the index measure 
ent does exceed their upper normal of 14 mm., but it will be observed 
( lable 1 that this occurred in well developed, heavy subjects. At 
he same time, it will be noted that there is no parallelism between 
e index and angle measurements 
4. Lee, R. I.: Dodd, W. J., and Young, E. L.: A Study of the I 
wing on the Heart, Boston M. & S. J. 173:500, 1915 





5. Danzer, Saul ( TI Cardiothoracic Rati Ar 1 f Cardia 


largement, Am. J. M. Sc. 184:513, 1919 
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is same lack of parallelism is noted in Figure 5 in a series of 
pathologic hearts, and in Figure 6, cross sections of the trunk in the 
apical region of the heart. 

The figures derived from these cross sections are oftered here 
merely from a comparative standpoint. It is realized that postmortem 
anges cause alterations in volume which to a certain extent destroy 
their value for obtaining exact figures as to size. But they do furnish 

le information concerning the factors involved in cardiac measure- 
ment Concerning the angle measurement, Van Zwaluwenburg says :* 
hands this maneuver has been somewhat disappointing, since 


” 


he exact angle depends to so great a degree on the shape of the thorax. 


SIOLOGIC INFLUENCES ON rHE INDEX OF DEPTH 


view of the transverse cardiothoracic ratio, it was thought that 

similar relationship might exist normally between the index and the 

interoposterior diameter of the chest. Figure 7 fails to substantiate 
uch a parallelism. 


ABLE 2.—Errect oF RESPIRATION ON THE INDEX or DeptrH 





Forced Inspiration Foreed Fxpiration 
; 4 18 
) is 
4 22 
19 
18 


be recalled from the paragraph on theoretic considerations 


t 
at the index would be increased by anything which increased the 
stance between the anterior chest wall and the screen; this condition 


‘tains in female subjects, and it is readily appreciated that when the 


reasts are considerably increased in size, proportionate reduction must 


be made in the index measurement. This is easily obtained by apply- 


ing the theorem for similar triangles, after the thickness of the breasts 


has been measured 


It will be observed from a comparison of the index of depth and 


7 


e form of the heart (Table 1) that the larger values tend to be 


associated with the horizontal type, while the smaller accompany the 


’ 


ertical type. The reason for this will be discussed in the consideration 
pathologic hearts. 

able 2 shows the marked influence that forced respiration exerts 
1e index measurement. Groedel makes the following statements 


6. Van Zwaluwenburg. J. G.: A Plea for the Use of the Fluoroscope in the 


Fxamination of the Heart and Great Vessels, Am. J. Roentgenol. 7:1, 1920 




















Fig 
‘ameter taken at level of tenth dorsal vertebra with caliper 
entimeters for the solid line, chest diameter; 
Abscissa, each square a case 
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5.—Relationship of angle t idex in a series of pathologic subjects. 
I & 
ites and abscissa same as Figure 4. Solid line, index; broken line, 
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6.— Relationship of angle to index in a seri¢ f anatomi ross- 
s. Ordinates and abscissa same as in Figure 5 
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7.—Relationship of index to anteroposterior diameter of the chest. 
Ordinate in 


in millimeters, the broken line 
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the fluence of respiration on the heart ‘Following the 
ivity, the heart moves lower on inspiration, and the apex of 


turns inward following the directions of the hands of the 

pposite occurs on expiration ; exact measurements show that 
. , , f 

there is no diminution and therefore no change in 


Che marked alteration in the normal value of the index 


rced respiration suggests the fact that the index measurement 
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eems highly desirable to make a general inquiry 
pertrophy to valvular and hypertensive heart di 
he index measurement is compatible with our 


phy in these conditions. Lewis*® has placed the 


hypertrophy and its associations with valvular disease upor 


isis by devising a method of dissection of the heart 


umbers, which is of much greater exactitude than tl 


try) 
were construc 


be observ 
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Fig. 10.—L/R ratio for ventricular weights. Ordinate represents the ratio 
of the weight of the left ventricle to that of the right; otherwise legend the 
same as in Figure 8. 
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Fig. 11—Normal subject. Dr. W. A.; aged 27; weight, 145 pounds; height, 
69 inches. 
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Fig. 12.— Mitral stenosis, predominant valvular lesion; markedly increased 
ardiothoracic ratio, but normal index. Ordinates represent index and cardio- 
horacic ratio as explained in Figure 4. Index, broken line, plotted against 
ardiothoracic ratio solid line. Abscissa, each square a case. Horizontal solid 
nes, upper normal limits for each measurement 





Fig. 13—Rheumatic heart disease with mitral stenosis, predominant valvular 
lesion; increased cardiothoracic ratio and index. Roentgen ray 8266' House, 
West Med. No. 248317. Weight, 108 pounds; height, 62 inches \ white 
woman, 35 years of age, sitting propped up in bed with evident moderate res- 

ratory embarrassment. Had scarlet fever at 8 years of age, with “rheumatism” 
has had 


the following year and frequent tonsillitis. For the past two years 
lyspnea, palpitatron and pains all over the body on exertion, which have been 
ncreasing in severity Has an unproductive cough which keeps her awake 
nights. Examination shows a loud systolic apical murmur, obscuring the 
nd and transmitted to the axilla; at the apex is also heard a short 
liastolic murmur. Sounds are absolutely irregular, slightly rapid and of f¢ 
1ality. Blood pressure, 110/70. Scattered musical, sticky rales over both lungs 


anteriorly and posteriorly. The liver edge is felt 4 cm. below the right costal 
nargin. Scars on the right shin Blood Wassermann Strongly positive 


lectrocardiograph : Auricular fibrillation (coarse); rate, 70; diph r 
Roentgen ray shows marked prominence of the right and left auricular arcs and 
pulmonary arc. The left ventricular arc is flattened, apex pointed and displaced 
lownward. In general, heart is “acorn-shaped.” In the right antero-oblique 
position, there is marked prominence in the region of the auricles. Cardio- 
thoracic ratio = 0.67, index of depth = 13 mm. Findings suggest marked enlarge- 
ment of the heart, confined to the auricles and right ventricle. The chest plate 
n addition shows moderate prominence and thickening of the larger lung mark- 
ngs throughout both lung fields. Diagnosis Rheumatic heart disease, with 
nitral stenosis, auricular fibrillation and f re of the congestive type 
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Fig. 18.—-Syphilitic heart disease with aortic regurgitation; increased cardio- 
thoracic ratio but normal index. Roentgen ray 80130; Outpatient Department 
No. 408054. Weight, 136 pounds; height, 67 inches. A white. fairly well 
developed man, 45 years of age, who has had an unproductive cough and sharp 
pains in the right shoulder for the last three weeks. Examination shows pupils 
which react sluggishly to light but well in accommodation. Systolic and dia- 
stolic murmurs at the apex. The latter is loudest over the aortic area. Blood 
pressure 210/80. Blood Wassermann: Strongly positive at three examinations 
The roentgen ray shows an increase in the shadow of the heart to the left, wit! 
moderate prominence of the left ventricular and rounded apex, without promi 
nence of the auricular arcs. In general, heart has a slightly “lying egg-shaped” 
appearance. There is a marked increase in width of the supracardiac shadow 
to the right and left, particularly to the right at the base, and tortuosity of the 
aorta with a prominent knob. In the right antero-oblique position, the base 
of the supracardiac shadow is slightly increased. There is no prominence in 
the region of the auricles in this position. Cardiothoracic ratio— 0.60, index 
of depth 14. Findings suggest slight dilatation and arteriosclerosis of the 
ascending aorta, and enlargement of the heart in the region of the left ven 
tricle. Diagnosis: Syphilitic heart disease with aortitis, slight dilatation and 
arteriosclerosis of the ascending aorta, and aortic regurgitation. 
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right and left ventricles. It is well to bear this order in mind for a 
comparison with the index findings charted in these same affections 
later on. 

Figure 10, which shows the ratio of the weight of the left ventricle 
to that of the right, is charted because of its interest from an electro- 
cardiographic standpoint and may offer a basis for future comparison 
with the index measurement. 

Let us now consider the index measurement in these various affec- 
tions and its relation to the cardiothoracic ratio. It is observed in 
predominant mitral stenotic lesions (Fig. 12) that while the cardio- 
thoracic ratio is generally increased, the index measurement remains 
practically normal. Figure 13 is an illustrative case of this group, in 





i. | 
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Fig. 19.—Hypertensive heart disease with and without clinical evidence of 
chronic nephritis; systolic blood pressure 160 mm. or more, diastolic 100 mm. 
or more. Legend same as in Figure 12. 


which the marked increase in transverse width is noted with a com- 
paratively small index. On the other hand, when there is an accompany- 
ing aortic lesion, there is a general concomitant increase in index with 
the cardiothoracic ratio as shown in Figure 14 and illustrated in Figure 
15. When we come to the cases of aortic regurgitation (Fig. 16) a 
marked lack of harmony is noted between the index and cardiothoracic 


ratio. Figure 17 illustrates a case of syphilitic heart disease with 


iortic regurgitation, having an increased cardiothoracic ratio and an 
increased index measurement, while Figure 18 shows a heart in the 
same type of disease, with an increased ratio and a normal index. In 
this connection, it will be recalled, under theoretic considerations of 
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in general, an increased index when the 


l, except in one or two 


instances in whicl 





e former is slightly increased or normal when the latter is markedly 


bove 


~{ 


1 
norma 


Figure 20 illustrates a case of hypertensive heart dis 


irdiothoracic ratio and 


(with chronic 


nephritis ) with an increased 


ex of depth. Figure 21, a 





ise of the same group, shows an increased 
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j irdiothoracic ratio and a normal index measurement Chere re 
sufficient grounds, however, in the latter case to substantiate argu 
nents for and against any considerable enlargement in dept! lt 
shown because of the possibility of enlargement in depth of the left 


entricle with a normal index, and to be borne in mind in connectiot 





vith similar measurements in aortic disease 

Let us now compare the index measurement in these various cardi: 
itfections with the figures of Lewis for ventricular weights, to sec 
whether harmony exists, and, if not, to seek some plausible explanatio 
for the discrepancy. Figure 22, in which the indices are charted, show 


the order of progression to be as follows: normal and mitral stenosis 
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j Fig. 21 Hypertensive heart dise: 





} I | index Roentgen ray 79989 Uutpatient Department N R55 1¢ \V 
140 pounds; height, 63 inches An obese, white woman, 59 vears of age, wl 
the last two vears has suffered from severe attacks tf anginal pal 
She had diphtheria twice during childhood Examination shows heart 
f good quality, and a short systolic at the apex. Blood pressure 220/120 
Slight edema of the shins. Electrocardiograpl Tachycardia (? paroxysmal 
; sino-auricular) with intraventricular block of left bundle branch type it 
140. The roentgen ray shows an enlargement of the heart sl 
accentuation of the left ventricular convexity and blunting of the apex. TI 
: prominence in the region of the auricles in the anteroposterior or oblique 
sitions. Cardiothoracic ratic 0.60, index of deptl 15 mm. Findings sug 
; agnosis Hypertensive heart disease 


gest enlargement of the left ventricle Di 


| 4 hronic nephritis (?) and failure of the anginal type (?). 
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aortic regurgitation, aortic and mitral disease, and finally hypertensive 
heart disease, in which the highest figures are obtained. Note that 
this order is quite different from that observed in Figure 8, for the 
weights of the left ventricle, where the hearts with aortic regurgitation 
were the heaviest. 

A study of the measurements charted in Figure 22, and of the 
illustrations of the characteristic examples of these various cardiac 
affections, suggests a plausible explanation for this apparent dis- 
crepancy. It will be noted that in cardiac affections in which mitral 
stenosis is the predominant valvular lesion, the enlargement of the 
heart is virtually wholly on the right side, while the left ventricle is 
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Fig. 22.—Indices of depth in normal and pathologic subjects. Ordinate, 
index in mm.; otherwise legend the same as in Figure 8, weights of the left 
ventricle, with which it should be compared. 


comparatively small or normal in size ; but the left ventricular outline or 
arc is markedly flattened ; the apex is pointed and displaced downward ; 
in general the heart is “acorn-shaped,” and here the index measure- 
ment is small or normal. It will be recalled, also, that the normal 
vertical shaped hearts give the smallest index measurements. 

In aortic and mitral disease, the heart is enlarged both to the right 
and left; the left ventricular arc is moderately exaggerated; the apex 
is rounded, displaced to the left, and slightly raised; and here the index 


is increased. 
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In pure aortic valvular disease, with regurgitation predominating, 


g 
eft ventricle is generally enlarged; the exaggeration of the le 


tricular are varies; but the apex is displaced downward, giving 


heart a “lying egg shaped” appearance; in other words, producing 
t of the prominence or bulge posteriorly close to the spine, and thus 
enlarged portion of the left ventricle may or may not be placed 
side of the path of the oblique rays, thereby mal 
surement variable 

hypertensive heart disease, the enlargement is confined in great 


ure to the left ventricle ; the left ventricular arc is markedly exag 


ted; the apex is rounded or blunted and displaced upward, giving 


heart a “goose shaped” appearance or the heart “en sabot” of the 
h; and here the index is generally enlarged, at times quite 
edly. These observations suggest that the most important facto 
luencing the index of depth is the shape of the left ventricle 
SUMMARY AND CONCLUSIONS 
— . atin 5 Weis: Rai ines a 
The technic of Bordet and Vaquez for obtaining the index Ol 
th” and the “angle of disappearance of the apex” is described 


rom theoretic considerations of anatomic charts, and observations 
nine anatomic cross sections of the trunk in the apical region of 
heart, nineteen normal, and fifty-one pathologic subjects, the follow- 
conclusions, tentative to necropsy verification, are suggested: 
1. There is no harmony between the index of depth and the angle 
disappearance of the apex. 
2. There are normal cases in which the angle exceeds quite definitely 
upper normal limit (40 degrees) of Bordet and Vaquez. 
Normally the index does not exceed 16 mm. 
+. There are undoubtedly cases of enlargement of the 
epth with a normal index. 
5. It is quite obvious from the above findings that the index is 
value only in a positive direction 
6. The most important factor influencing the index measurement 
the shape of the left ventricle. 
7. When from the anteroposterior fluoroscopic or plate examina- 
n it is difficult to differentiate between a heart with an aortic valvular 
n and one with hypertensive disease, an index measurement of 
mm. or more is very suggestive of the latter affection. 
8. The index may be a very valuable additional method for studying 
progress of hypertrophy of the left ventricle in an individual case. 
In conclusion it is well to recall the words of Alfred Cohn:* “No 
ase of the phenomena associated in maintaining the circulation may 
9. Cohn, A. E.: Nelson Loose Leaf Medicine, Diseases of Circulatory Sys- 
New York 4:175, 1920 
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ve neglected, nor in the clinic may any intensification of study designe 


iden the range of knowledge be omitted.” 


For constant help and invaluable suggestions throughout this work, 


| wish to express my appreciation to my chief, Dr. George W. Holmes, 


also to Drs. Paul D. White '® and Louis FE. Viko of the cardiographi 


boratorv, for clinical aid 
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iquez or Osler’s disease) were studied in a case in the medica 
irds of the Cincinnati General Hospital, on the service of Dr. Mar 
w! 
REPORT OF CASI 
L he patient No lb 9928 i well levelope v. 
aith unt hive years ago W hile duty as a yp al tr 
c with an ir bar. One-half hour later he beca k 
ss an is t n to a hospital e following day the abdome ‘ 
and the peritoneal cavity was found to be full of blood from a ruptur« 
teric artery His recovery was eventful 1 he tinues 
t w itl ccasional attacks of ertigo and hea Some hi t 
t time led to a tentative diagnosis of tubercuk t ut t 
irently nothing substantiate this. He ted that 
s definitel aggravate y two things—the use t it 
s Seven months later, he accident] tru his left ‘ 
t ti \ severe devel ped, and soon afterwar tice 
ere was a mass in the left upper quadrant of his lome t 
rock” at first but later became smaller and softe 
\ it one and a half ears after he had noticed tl eniarg ‘ 
to suffer from severe pain in his toes and finger iter exten t 
and | ds He said that he felt as if they d cel smasl it 
r’ and “the blood was under tremendou ressure side He Lime 
elief from the pain by holding his hands above his id ‘ ‘ t 
s great in summer as it inter 
ik xamina 1 Among the essential features « i a 
ere the flushed appearance of the face and ne \ re I 
in color, and the congesti and cyanosis the ‘ ls, fee 
tongue and pharynx. His voice was high pitche H ect a ] 
removed years ago Ihe tonsils were iall | ‘ | fine 
tant rales were heard at the end I deep inspirat ¢ 
ases 
(he spleen was hard, smooth and readily palpable 14 cm. lhe t t 
c costal border The enlargement was also demonstrabk y t 
tgen ra On percussion, the total length was 36 cm., and the widt 
No enlarged lymph glands were noted The heart wa rma 
Che weight at the time of the first examination was 164 px 1 ncrea 
the course of three months to 170 pounds The p t noted that 
not sweat much 
Blood Examination.—The red and white cells were inted 1 time 
results as shown in Table 1 
The count of Jan. 21. 1922, followed three days after roentgen-ray treatment 
r the sj region and was made with a U. S. Bureau of Standards 
ed 1 hemocytometer slide June 6, 1922, the hemog! (Sahli 
*From the Department of Medicine of the Universit f ¢ nnat ne 
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reading was 180 per cent., and the hemoglobin calculated from the iron con 
tent was 193.6 per cent. (using 16,693 as the molecular weight of hemoglobin) 
The color index varied from 0.97 to 0.88 according to the methods used for 
hemoglobin estimation. The hemoglobin calculated from the oxygen combin- 
ng power (Van Slyke method) was from 163.6 to 1708 per cent. This cor- 
responded to 30.07 c.c. and 31.61 c.c. of oxygen bound by 100 c.c. of blood. 

A study of the blood made by Dr. Roger S. Morris showed 81.3 per cent 
polymorphonuclear neutrophils, 9.3 per cent. lymphocytes, 2 per cent. eosino 
phils, 4.3 per cent. transitionals and large mononuclears and 1.5 per cent. mast 
cells, in 736 cells. No myelocytes were noted at this examination. Tw 
normoblasts were encountered. The red cells were essentially normal ir 
appearance. A count made subsequently showed 1 eosinophilic myelocyte and 
4 normoblasts to 600 leukocytes which corresponded to 120 nucleated red cells 
per c.mm. (May 23, 1922). 

Spectroscopic examination of the blood showed the normal absorption bands 
Hematin crystals formed by heating the blood with glacial acetic acid and 
sodium chlorid showed no abnormalities. 

The platelet count was 200,000 (Wright and Kinnicutt method). The bleed 
ing time was 1% minutes, and the coagulation time (capillary tube method) 
was longer than twenty-three minutes. 


TABLE 1.—Resvutts or THe Bioop Cert Count 


Date Erythrocytes Leukocytes 

4/ 9/20.. 7,360,000 8,274 
10/ 4/21 7,480,000 eonens 
1/13/22.... R ~ 10,950,000 11,600 
1/14/22 ‘ ne : 13,200,000 14,300 
OO, eee 15,940,000 21,000 
1/22/22, p. mM. ... ‘ - 13,420,000 13,600 
a. M.... : 9,904 000 ovesee 
1/23/22..... 12,000,000 11,700 
1/24/22. . — 10,208 000 9,206 
1/20/22... se 8,680,000 11,850 
———— —“(t~*ésC 

9,024,000 enene 

9,136,000 14,000 

9,240,000 16,500 

9,640,000 14,250 





[he corpuscles were more resistant than normally to hypotonic salt solu 
tions, hemolysis beginning at 0.3 per cent. and reaching completion at 0.2 per 
cent. Some of the patient’s blood was used in a transfusion to a pernicious 
anemia patient. The color index of the recipient returned to normal at the 
end of three days, the most common time being two days in the average 
transfusion. The corpuscle volume was 2.4 times that of a normal blood 
of 5,000,000 red cells on Jan. 23, 1922, when the count was 12,000,000. The 
plasma was a deep yellowish red 

The blood Wassermann reaction was repeatedly negative. The viscosity 
of the blood (Ostwald viscosimeter) was increased to 12.27 times that of wate: 
at 28.5 degrees which would correspond to 11.3 at body temperature (38 C. 
being over twice normal (from 4.73 to 5.89). The surface tension was reduced 
Specific gravity, 1.078 (by weighing). 

Chemical analysis of the blood (determined by Miss Agnes Wolfstein 
showed 0.079 per cent. sugar (Folin and Wu method); 15.7 mg. urea; 6.9 mg 
uric acid (Folin and Wu method). A uric acid determination three months 
later showed 8.59 mg. (Benedict method). Another determination showed 95 
per cent. more in the plasma than in the corpuscles. The blood chlorids were 
150 mg. Blood cholesterol (determined by Dr. Shiro Tashiro) was from 
0.112 to 0.176 mg. per 100 c.c., and bile salts were normal. Iron (M. L. Isaacs 
90 mg. per 100 c.c. (Brown's method; normal, from 42 to 52 mg.). 

Blood Pressure —This remained around 125 systolic, 85 diastolic. 


























z \ \ ; ? 
The rine was essentially newative \ ver slig! t 
] ‘ is t eq Wa vative 
ephthalein output wa rom 3 wee cont te tie 
theterizec 
feta 5 terminat rhe relat between the xygen intake isa 
al e) as determined on the Sanborn-Benedict apparatus, the respira 
rate the heart rate, the red count and the vital capacity 
2 ( esponding observat take at t time 
, TABLE 2.—Resutts or Merapo.tism Stup 
Felt , May U Ma 
H } 
2 ike (bas 
5 y 
eC 8 ‘ 
j scone 
q Red count 1,04 008 >. 136.00 »,240,000 
$ Vital capacity (V. ¢ 194 c. 1,398 « 123 ¢. 281 ee 
Caleulats ( Meyers 4,659 « 4,659 ¢.« 4.782 e4 4,782 « 42 « 
i Vv ¢ t ofc ( t 0 44.39 ; 48.01 
i I ‘ 6 F S 0 F it 2} 
7 
: 
4 
' 
A average lume « Alt reathed per minute (reduced to 0 ( ’ 7 
} ° . , 
é was 11,825 « (May 23, 1922) under basal condit ; I 
‘ - j 1 1 
3 y te vari from normal to slightly subnormal, with an 
‘ al o Che vital capacity was slightly greater 
} than while lying down (June 6, 1922, sitting, 2,590; lying doy 
j the sitting posture, the vital capacity was 54.62 per cent. of tl 
I ) I 
e 20, 1922, the xygel ontent of the venous bloo« Va 27 2 
gen per 100 c.c. blood. With a total oxygen combining capacit f 31.61 
per 100 c.c. of blood, this was 86.12 per cent. saturated. The 
bining power of the plasma (Van Slyke method as 43.5 per 100 cx 
DISCUSSION 





"his case presents most of the classical symptoms and signs of 
erythremia. The history of an abdominal injury is interesting, as some 
the symptoms appeared to have been first noticed from that occur 
nce. The etiologic relation is, of course, problematical 
The high red count reached on Jan. 21, 1922, followed a treatment 


1 


the spleen by exposure to the roentgen rays, and may have beer 
nulated by it (inhibition of macrophages?). The counts of the pre 
eding days, however, showed a tendency to rise before the treatment 
was started. The rise of the leukocyte count with that of the red cells 
uggests that a concentration effect of the corpuscles and plasma wa 
significant factor in the variation in the number of corpuscles in the 
peripheral circulation from day to day. The blood counts extending 
ver a period of three years showed a persistent polycythemia 
The question of the mechanism of the increased number of red cell 


may find a solution in two factors, increased production (nucleated red 








ells in the peripheral circulation) and decreased destruction (higl 
esistance to hemolysis in hypotonic solutions). The protective, anti 
1. Meyers, J. A.: Studies on the Respiratory Organs in Health and D 
; e, Jour.-Lancet 41:252, 1921 
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hemolyzing action which cholesterol exerts on red cells was not 
increased, as the values were normal or below normal. 

[he increased uric acid in the blood (69 and 8.59 mg.), in the 
absence of renal involvement, may have its origin in the liberated nuclear 
material formed in the increased production of red cells, from the 
extrusion or dissolution of the nuclear material of the normoblasts at 
their place of origin. The normoblasts in the circulation are of impor- 
tance in this connection and suggest that there is an abnormal stimulus 
to the formation and circulation of the red cells. This is suggestive 
of a normal endogenous source of uric acid in the body during health. 
\ high uric acid content of the blood in some stages of leukemia has 
been attributed to the nuclei and nuclear metabolites of the white cells, 
but the “discarded” nuclei of the red cells may also be a factor. The 
high uric acid content of the blood in pernicious anemia (Gettler and 
Lindemann *) is compatible with this view. Erickson * and others have 
reported an increase in the blood uric acid in polycythemia vera. Fitz * 
noted that while the total nonprotein nitrogen, fat, uric acid, and iron 
per 100 c.c. of whole blood are definitely increased and the sugar con- 
centration slightly above normal these substances may be in approxi- 
mately normal concentration in the plasma. Because of the bulk of 
corpuscles, he does not consider the findings for whole blood necessarily 
pathological. Theis and Benedict,’ however, in studies on blood in 
different diseases, noted that in only eight cases out of 104, the uric 
acid concentration was greater in the corpuscles than in the plasma. 
In the other ninety-six cases the concentration was similar in both 
corpuscles and plasma, or greater in the plasma. If a similar relation- 
ship holds constantly in erythremia, as in the present case, there is an 
absolute increase in the uric acid, and especially, as in this case, the 
other blood constituents were not increased. Rouzand and Thiery ° 
noted that when there is a decreased blood viscosity, there is compara- 
tively more uric acid in the serum than in the whole blood, and when 
the viscosity is greater, the conditions are reversed. This was not 
true in the present case, however. It is interesting to note that a 
persistent headache was relieved fairly quickly following the taking 
of phenyleinchoninic acid, 0.5 gm., three times a day. 


2. Gettler, A. O., and Lindemann, F.: Blood Chemistry of Pernicious 
Anemia, Arch. Int. Med. 26:453 (Oct.) 1920. 

3. Erickson, R. J A Case of Vaquez Disease, Canad. M. A. J. 7:817 
( Sept ) 1917. 

4. Fitz, R.: Polycythemia, Oxford Med. 2:769, 1920. 

5. Theis, R. C., and Benedict, S. R.: Distribution of Uric Acid in the 
Blood, JT. Lab. & Clin. M. 6:680 (Sept.) 1921 


6. Rouzaud and Thiéry: Relation entre la viscosité sanguine et la réparti 
tion de l’'acide urique dans le serum et dans le sang total, Compt. rend. Soc 


de Biol. 85:962 (Nov.) 1921. 
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[he apparent increase in coagulation time was evidently due to the 

itive diminution of the fibrin element and the increase in the cor- 

iscular element in a given unit of clot 

Che lowered vital capacity (from 30 to 53 per cent. of the calculated 

mal) may have been dependent, to some extent, on the mechanical 
mgestion and engorgement of the pulmonary capillaries. The crack- 
ing rales heard were not incompatible with this. A similar congestion 

the legs gave rise to ulcers which suggested areas of thrombosis or 
nfarction. 

The increased oxygen supply to each part was evidently the factor 
vhich compensated for the flow of a highly viscous liquid under low 
pressure, and prevented the development of edema which frequently 
results from similar mechanical conditions. Localized edema some- 
times developed after prolonged exertion. The viscosity at body tem- 
perature was 11.3 times that of water or from 1.92 to 2.39 times the nor 
mal limits for blood, at a time when the cell count was from 1.85 to 2.05 
times normal limits. The viscosity is thus coordinate with the red cell 

unt. The viscosity was also increased by the comparatively low body 
temperature of 97 and 98 F. (mouth). A decrease of 5 degrees in 
temperature may increase the viscosity 4 per cent. (Mathews’). On 
ling the patient’s blood to 12.5 degrees, the mass became too thick 
flow but the fluidity was restored on warming to room temperature. 
In the hands and feet, the surface blood was exposed to temperature 
onsiderably below this (from 5 to 10 degrees), varying with the outside 
temperature may increase the viscosity 4 per cent. (Mathews*). On 
two clinical phenomena—pain in the hands and feet, and aggravation 
f the symptoms in cold weather. The pain was partially relieved by 
elevating the hands or the feet. Lyon * notes a parallelism between the 
iscosity of the blood and the blood pressure up to middle life (from 
) to 39 years), but after this the agreement ceases. The viscosity 
then parallel to the hemoglobin and red cell count and falls as the 
pressure rises with age. In this case while the viscosity was 
ncreased with the cell count, the blood pressure was low for the age 
f the patient, with no marked increase during the course of two years. 
he absence of myocardial hypertrophy in this case, and as noted by 
Veber,® is an odd feature of the disease under these conditions 

[wo factors served to compensate for the reduced vital capacity 

rst, the increased hemoglobin with a comparatively normal oxygen 

7. Mathews, A. P Physiological Chemistry, 1921, Ed. 3, p. 512 

8. Lyon, D. M.: Blood Viscosity and Blood Pressure, Quart. J. M. 14: 

(July) 1921. 

9. Weber, P.: Polycythemia, Allbutt and Rolleston’s System, London 5: 

1909 
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combining power, and, second, the greatly increased minute volume 
(from 9,711.6 to 11,825 c.c.) of air breathed, practically about twice 
normal. This latter is interesting as the respiration rate was not 
increased, but the tidal volume was increased from 32.4 to 35.5 per 
cent. of the vital capacity during quiet breathing, instead of from 7 
to 10 per cent., the calculated normal. 

rhe increase in the rate of oxygen consumption (basal metabolic 
rate) remained from 31 to 38 per cent. above normal during a period 
of observation of five months. An increase has been reported as being 
characteristic of erythremia, just as in the leukemias and pernicious 
anemia. The increase was present with a pulse rate of from 64 to 68, 
and a respiration rate of from 12 to 16, differing from the hyperthyroid 
types. 

The basal metabolic rate, assuming that the respiratory quotient 
is not abnormal,'® is more parallel to the blood destruction or possibly 
nuclear destruction, than to the number of cells in the circulation at 
the time. The increased number of cells destroyed, even in the presence 
of a normal or moderately reduced rate of destruction, makes the condi- 
tion somewhat similar to the destructive anemias, where the rate is 
also high. If blood destruction went on at a normal rate, there were 
practically twice the number of cells to be destroyed. In erythremia, 
as well as in some stages of the leukemias and pernicious anemias, 
besides the increase in basal metabolic rate, the blood uric acid is high. 
In the leukemias this has been given as an evidence of leukocyte activity. 
In erythremia, however, the leukocytes are not increased in comparable 
ratio. The nuclei from the maturing normoblasts in the bone marrow 
give a source which must be considered. 

The reddish cyanotic appearance is apparently not directly associated 
with the increase in red cells, as in cases of anerythremic erythremia 
described by Morris ** the cyanosis was present, but the red cell count 
was not increased. Christian '* noted in five cases of polycythemia in 
a series of ten, that the deep color was not always pronounced, and 
some of the patients appeared to be pale. There was no relation in 
the present case between the depth of color of the face and extremities 
and the daily variation in the blood count. One factor, as noted by 


Osler '® appeared to be the state of the capillaries. Examination of 


10. The average respiratory quotient of four cases studied by Senator (Ueber 


Erythrozytosis [Polyzythemia rubra] megalosplenia), Ztschr. f. klin. Med. 60: 
360, 1906) was 0.816. 
11. Morris, R. S.: Anerythremic-Erythremia, Bull. Johns Hopkins Hos 
21:37 (Feb.) 1910. 
12. Christian, H 
M. Sc. 154:547 (Oct.) 1917. 


A.: Nervous Symptoms of Polycythemia Vera, Am. ] 


13. Osler, W.: Chronic Cyanosis with Polycythemia and Enlarged Spleen, 


Am. J]. M. Se. 126:187 (Aug.) 1903 
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e capillary loops at the base of the nail beds (using olive oil to clear 
the skin, and using the 10 ocular and 2% objective in the microscope) 
howed that one limb and the arch of most of the loops was wide 
nd distended, while the other limb was comparatively narrow. On 
ther occasions both loops were distended. On “frosting” the surface 
vith a stream of ethyl chloride, the capillaries became greatly distended, 
but as the temperature returned to normal, they became relatively 
narrow and pale for a time, gradually returning to their original condi- 
tion. In a few spots distension remained and there appeared to be a 
practical thrombosis. The lowering of the temperature increases the 
viscosity beyond the stage of fluidity, as demonstrated in vitro, and 
stagnation and dilatation take place. The subsequent narrowing of 
the vessels appears to have been brought about by a nervous mechanism. 
The depth of color in the skin is due in part, at least, to the state of 
distention of the capillaries. 

The hemoglobin appeared to be normal in all respects. Spectro- 
scopically the absorption bands were identical with those of normal 
oxyhemoglobin and no traces of abnormal substances (methemoglobin, 


sulphhemoglobin) were detected. The decomposition products gave 
normal crystals and the usual spectra. The increased iron content 


90 mg.) ran proportional to the red cell count, resembling normal 
blood in this respect also (from 42 to 52 mg. with counts ranging from 
4,500,000 to 5,000,000) being approximately a proportion of 10 mg. to 
each million corpuscles enumerated per cubic millimeter. The hemo- 
globin content (193.6 per cent.) calculated from the iron content was 
slightly higher than the reading on the Sahli scale. The highest reading 
btained on one occasion was 210 on the Sahli scale. The oxygen 
combining power of the hemoglobin gave readings for the hemoglobin 

from 163.6 to 170.8 per cent. 
Che carbon dioxid combining power of the plasma showed a slight 
lowering of the alkali reserve (43.5 volume per cent.) The oxygen 
ntent of the venous blood from the arm after the patient had clenched 


; 


ist several times and then stopped, but was otherwise at complete 


rest, was 86.12 per cent. saturated, or an oxygen unsaturation of 4.38 
lumes per cent. This is within Lundsgaard’s normal limits for 


xygen unsaturation of venous blood in normal persons at rest.’* It 
is first thought that some of the cyanosis was caused by the incomplete 


xidation of the arterial hemoglobin (although enough oxygen was 


present for normal physiologic purposes), but the figures do not seem 


bear this out. 


14. Lundsgaard, C.: Studies of Oxygen in Venous Blood. I. Technic and 


sults in Normal Individuals, J. Biol. Chem. 33:133 (Jan 1918 
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The relation of the total oxygen combining power of the blood, 
the color index, the hemoglobin and the blood count is shown in Table 3. 

The hemoglobin content of the corpuscles in terms of the color 
index remained constant on the two occasions noted above, using similar 
methods. 

To carry 374 c.c. (the basal rate) of oxygen to the body per minute, 
it would require 1219 c.c. of the patient’s blood to pass through the 
heart per minute. This comparatively small amount may account for 
the lack of hypertrophy of the heart. 


TABLE 3.—Laporatory Data OBTAINED IN EXAMINATION OF BLOoop 








° June 6, 1922 June ®, 1922 
Bd CH CO ce os: vacccess cose. - . , 9,240,000 9,640,000 
Percentages of “normal”... .............+0+05 vee 134.3% 192.8% 
Hemoglobin (Van Slyke)... .............0-.000 ‘is ; 163.0%, 170.8% 
Oxygen bound by 100 c.c. blood (saturated). . . oe 40 90.07 ¢.c. 31.61 ¢.c. 
P ‘ ° een 0.88 O88 


Color index..... . 


SUMMARY 


1. A case of polycythemia vera with an unusually high red cell 
count is reported. Counts at intervals during three years varied from 
7,360,000 to 15,940,000. 

2. A tentative explanation and correlation of some of the features 
of the abnormal physiology is given. (High basal metabolism, poly- 
cythemia, high uric acid, high iron, high minute volume of air breathed, 
slow vital capacity, nucleated red cells, increased corpuscle resistance, 
prolonged coagulation time, increased volume of corpuscles, high vis- 
cosity, low surface tension. ) 

3. A normal and significant endogenous source of uric acid from 
nuclear material from developing erythrocytes is outlined. 

4. In the three conditions—erythremia, leukemia and _ pernicious 
anemia, the basal metabolic rate and the uric acid content of the blood 
are increased at times. The diversity of the conditions and the common 
point of the destruction of nuclear material of the blood elements 
suggests a relationship between the increased basal metabolic rate and 
the uric acid production. 

5. The high viscosity of the blood under conditions found in the 
extremities, and the comparatively low blood pressure suggest a local 
source of origin for the pain. 


6. The depth of color is apparently independent, to a certain extent, 
of the blood count, and appears to depend on the state of the capillaries. 
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THE ETIOLOGY OF ACUTE INTESTINAL 
INTOXICATION IN INFANTS” 


GLADYS L. BOYD, M.B 


TORONTO 


Acute intestinal intoxication in infants has been generally regarded 
as due to an infection. The lack of any unanimity of opinion among 
workers in this field as to the responsible organism, lead us to consider 

e possibility of the toxemia being due to a chemical toxin, in the 
production of which various types of organisms might play a more or 
ess important part. Schloss’ recently reported the finding of a sub- 
tance of unknown nature in the blood of cases of intestinal intoxication 
which proved to be toxic to guinea-pigs. 

Starling,? in 1902, and later Popielski,’ reported the finding of a 

xic substance in extracts of normal intestinal mucous membrane 
This toxin, when injected into animals, caused a symptom complex 
consisting of increased peristalsis, periods of depression and narcosis, 
vasodilation, and fall of blood pressure. Barger and Dale* regarded 


this substance as identical with the amine base 8 imino-azolylethylamine 


(histamine) which they found in extracts of the intestinal mucous 
membrane of the ox. Mellanby and Twart,° in 1912, and more recently, 
Hanke and Koessler,® demonstrated the ease with which histidin, a 
normal innocuous constituent of the intestine, could be rendered toxi 
the replacement of an acid by an alkyl radical, as in the following 
equation, by the action of certain strains of the colon bacillus 


NH CH NH CH 
CH, . CHNH,COOH co + ( CH, . CHsNH, 


CH N CH N 
histidin) mino-azolylethylamine) 


Barger and Dale’ found that amines were usually rendered less 
xic by the change from an acid to an alkyl compound of the group 
wins and Laidlaw * studied the fate of one amine, parahydroxyphenyl- 

*From the Wards and Nutritional Research Laboratories, Hospital for 
ick Children, and the Department of Pediatrics, University of Toronto 

*The animals for this work were provided by the Committee for Experi- 

tal Research, University of Toronto 

1. Schloss, O. M.::Proc. Soc. Exper. Biol. Med. 18:101, 1921. 

2. Starling: J. Physiol. 28:335, 1902. 

3. Popielski: Arch. f. d. ges. Physiol. 128:191, 1909 

4. Barger and Dale: J. Physiol. 41:500, 1911 
Mellanby and Twart: J. Physiol. 45:180, 1912 
Hanke and Koessler: J. Biol. Chem. 50:131, 193, 235, 271, 1922 
Barger and Dale: J. Physiol. 41:19, 1910 
8. Ewins and Laidlaw: J. Physiol. 41:78, 1910 


a) 
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ethylamine, in the body by perfusion experiments and found it normally 
detoxicated by the liver, uterus and heart, which converted it into 
parahydroxyphenylacetic acid. 

Mellanby * suggested that 8 imino-azolylethylamine was the cause 
of diarrhea and vomiting in children. He injected the substance into 
the intestine of cats and attempted to determine what factors influenced 
its absorption. Toxemia might arise from the increased absorption 
of this substance from the intestine. 

Rohmer and Levy *° recently demonstrated an increased permeability 
of the intestinal wall to both crystalloids and colloids in intestinal 
intoxication, but considered the increase insufficient to account for the 
symptoms produced. 

Our experiments were made on material obtained from cases of 
acute intestinal intoxication in infants. Attempts were made to deter- 
mine the presence and nature of any toxic substance in extracts of the 
intestinal mucous membrane, which might account for the intoxication. 
Che conditions under which material must be obtained in order that 
results will not be vitiated by the action of putrefactive organisms, 
renders it impossible to obtain a large number of cases in a short time. 

The beneficial effects of exsanguination transfusion, which was 
observed clinically in these cases, suggested the advisability of the 
determination of the toxicity of the blood when injected into animals. 
soth systemic and portal blood were used for this purpose. 

1. Preparation of the Extract of the Intestinal Mucous Membrane. 

The gastro-intestinal tract was removed intact as soon as possible 
after death, usually within about two hours, and never more than three. 
It was thoroughly washed with tap water and placed in the refrigerator 
The mucous membrane was then scraped off 


for about twelve hours. 
Dilute hydrochloric 


with a sharp scalpel and ground with sea sand. 
acid was then added to this mass to a concentration of 0.1 per cent 
hydrochloric acid and the whole boiled three minutes. This was cooled, 
nearly neutralized and filtered through a Buchner funnel. The filtrate 
was concentrated and filtered through a Berkefeld filter. The filtrate 
obtained in this way was used for animal inoculation. About 100 c.c 
of extract were obtained from each case. Portions of the filtrate were 
further treated by Kutscher’s method for isolating organic bases. 
Twenty per cent. tannin was added drop by drop until flocculation 
Excess was avoided as it rendered the filtrates turbid. The 


occurred. 
Excess silver nitrate 


filtrate obtained was pale vellow and water clear. 
was added in the presence of baryta water, and the resultant precipitate 
collected and dissolved in hot absolute alcohol. The alcohol was then 





9. Mellanby: Quart. M. J. 9:165, 215, 1915. 
10. Rohmer and Levy: Arch. d. méd. des enf. 25:65, 1922 
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removed and the yellowish, slightly viscid, 


residue was treated with 
saturated aqueous solution of picric acid. Yellow crystals formed, 
hich were dissolved in dilute hydrochloric acid, and repeatedly shaken 
with ether to remove picric acid. The ether was removed by evapora- 
tion. The crystals were yellow, serrated rhomboids, from 0.5 to 1 cm 
in length, which melted at from 235 to 244 C., to form red smears. 
These crystals were obtained in small amounts in four out of five cases 
n which this process was carried out. The crystals were later boiled 
for two or three hours in absolute alcohol, as they proved innocuous 
vhen injected into animals without this procedure. 


ANIMAI INOCULATION 


1. Extracts of Intestinal Mucous Membrane.—To ensure success in 
the animal experiments it proved essential to use only young animals, 
the older ones proving not susceptible to the doses which were found 
very toxic, or fatal, in the younger animals. 

(a) Rabbits: Doses of the concentrated extract, up to 15 c.c., given 
per os failed to produce any symptoms other than slight anorexia 
Three rabbits, about 1,200 gm. in weight, were given from 6 to 10 c.c 
loses of the extract intraperitoneally. Within a short time the respira 
tory rate increased a little, there was evidence of circulatory failure, 
arying degrees of narcosis and depression, and a slight increase in 
he number of intestinal evacuations. One of these rabbits became 
progressively worse and died on the fifth day. Post-mortem examina 
ion showed nothing but slight fatty changes in the liver and in the 
renal tubules. Two other rabbits were dehydrated previous to giving 
he extract. The evidences of the toxemia were more marked but bot! 
inimals recovered. Three other rabbits were given 4 c.c. doses of 
regenerated crystals, i. e., crystals obtained from the extract of intestinal 
ucous membrane which had been boiled for a long time in alcohol, 


which was then removed and the crystals dissolved in saline solution 


four c.c. would equal about one-tenth of the total yield from an 
ndividual case. Two of these rabbits died, following symptoms like 
hose exhibited by the others, only with more marked narcosis. N: 


haracteristic changes were seen at the necropsy 


(b) Kittens: Doses of the extract up to 20 c.c. when given pet 
s had little or no effect on the animal. Two kittens were given 10 


doses intraperitoneally. Of these, one collapsed, showed circulatory 
failure, and died in fifteen minutes, the other showed no symptoms at 
Intraperitoneal administration of from 2 to 6 c.c. doses of the 

line solution of regenerated crystals was followed at once by a 
pical train of symptoms, periods of depression and narcosis, anorexia, 


reased frequency of intestinal evacuation and finally convulsions and 
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death in from two to four days. The necropsies presented nothing 
distinctive, the slight fatty changes in the liver and kidney, and some 
alveolar hemorrhage being the only abnormal findings. 

(c) Pigs: Guinea-pigs proved not susceptible to this toxin. Young 
pigs of between 300 and 400 gm. weight were used, but failed to 
show anything more than a slight anorexia, even with intraperitoneal 
injections of the extract. 

(d) White Mice: Two c.c. doses of the concentrated extract 
given intraperitoneally to four mice, proved fatal to three. Almost 
immediately after the injection, general convulsions started; these 
alternated with periods of narcosis until death, in the fatal cases, and 
recovery in the other. 

Two c.c. doses of saline solutions of unregenerated crystals (not 
subjected to boiling with alcohol) given intraperitoneally failed to pro- 
duce any symptoms at all. Similar doses of the regenerated crystals 
caused death in all of our animals that were inoculated. 

2. Stool Extracts—Fresh stools were mixed with enough saline to 
make the total volume 100 c.c., boiled three minutes, filtered with 
suction, and then through a Berkefeld filter. This filtrate was used 
for injection into animals. 

Rabbits fed up to 25 c.c. of this extract exhibited no toxic symptoms. 
Doses of from 5 to 10 c.c. injected intraperitoneally into pigs produced 
only temporary evidences of a mild toxemia. 

3. Blood Injections—Five pigs were given 5 c.c. doses of whole 
blood from patients acutely ill with acute intestinal intoxication. All 
showed slight drowsiness and anorexia but not much more marked 
than is sometimes noted after the administration of normal whole 
blood. 

Two pigs were given 1.5 c.c. doses of portal blood, obtained at 
necropsy from fatal human cases. Both responded almost immediately 
by severe convulsive twitchings, succeeded by drowsiness and anorexia 
and increase in the number of stools. These symptoms lasted twenty- 
four hours. Both animals made a complete recovery. 


SUMMARY 


1. Extracts of intestinal mucous membrane from cases of acute 
intestinal intoxication in children contain a toxic substance, which, 
when injected into animals, produce a definite symptom complex, 
consisting of depression and narcosis, anorexia, circulatory failure, 
increase in the number of intestinal evacuations, and in some cases 
convulsions and death. 

2. Younger animals were much more susceptible to this toxic 
substance than older ones. 
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3. The toxin is not destroyed by boiling and passes through a 


teria tight filter. 
+. Crystals resembling those of the dipicrate of 8 imino-azolylethy! 


ine were obtained by appropriate means, trom the extracts of 


testinal mucous membrane. ° 
5. These crystals proved innocuous in animals until their basi 
aracter was restored by prolonged boiling with alcohol, when they 


ecame highly potent. 
6. Previous dehydration of an animal rendered it more susceptible 
he toxin. 
7. Boiled aqueous extracts of fresh stools proved nontoxic when 
jected into animals. 


8. Systemic blood from cases of acute intestinal intoxication was 


lightly toxic when injected into animals. 


igl 
9. Portal blood from patients was very toxic. 
10. No distinctive pathologic findings were seen in any of the fatal 


ises. 
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BOOK REVIEW 


THE PRACTICE OF MEDICINI By A. A. Stevens, A.M., M.D., Profes- 


Applied Therapeutics the University of Pennsylvania. Cloth. 
. ». 1106, with Philadelphia: W. B. Saunders 


Price $8.50 P 


volume standard practice of medicine must necessarily 
| give the treatment of a very large number of 
mpends and the 


The usual single 
iefly define and describe an 


uses and conditions. It is 


Ss 


intermediary between the quiz c 
nd certainly has great practical value for the 


r systems of medicme, and 
[his book follows the usual plan and is com- 


The bibliography is incomplete and poorly 





tudent and busy practitioner. 





wrehensive, concise and up to date 

given; but in a work of this kind a bibliography is not essential or even neces- 

sary. Large numbers of prescriptions are given, and one questions the advisa- 

bility of this, as the exact amounts and proportions of the ingredients might be 
Perhaps it is impossible for 


thought to be indicated in each and every case 
subject of materia medica to refrain from 


ne who has written largely on the 
including such formulas. The sections on treatment may be somewhat bewilder 
finite information, because of the large number of drugs 


to one seeking de 
a 1” 


said to be isefu 





